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(54) Title: BLOOD POOL AGENTS FOR NUCLEAR MAGNETIC RESONANCE DIAGNOSTICS 
(57) Abstract 



The use of the complexes of the compounds of general formula (I) with paramagnetic bi-trivalent metal ions selected from the group 
consisting of Fe<*+>, Fe<3+>, Cu<2+>, Cr<3+), Gd<3 + >, Eu<3+>, Dy<3+>, Yb<3+> or Mn<2+>, as well as the salts thereof with physiologically compatible 
organic bases selected from primary, secondary, tertiary amines or basic amino acids, or with inorganic bases whose cations are sodium, 
potassium, magnesium, calcium or mixtures thereof. In formula (I) X-L-Y wherein: X is the residue of a polyaminopolycarboxylic ligand 
and the derivatives thereof, selected from the group consisting of: EDTA, DTPA, DOTA, D03A, BOPTA; Y is the derivative of a bile 
acid selected from the group consisting of residues of cholic, chenodeoxycholic, deoxycholic, ursodeoxycholic, lithocholic acids, both as 
they are and functionalized at the positions having the hydroxy group as the reactive group; L is a chain linked at any position of X and the 
C-3, C-7, C-12 positions of Y, for the preparation of diagnostic formulations for the imaging of the blood system of the human and animal 
body, by means of nuclear magnetic resonance; novel compounds of general formula (I) and the diagnostic compositions containing them. 
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BLOOD POOL AGENTS FOR NUCLEAR MAGNETIC RESONANCE DIAGNOSTICS 



The present invention relates to the novel use of 
metal ion complexes of conjugates of bile acids with 
molecules having chelating activity as contrast agents in 
the diagnostic technique known as "magnetic resonance 
imaging" (M.R.I.) , in particular as blood pool agents. 

Complexes formed of chelating agents and suitable 
metals are already used as contrast agents in the 
following diagnostic techniques: X-ray imaging, nuclear 
magnetic resonance imaging (M.R.I.) and scintigraphy. 

In particular, medical diagnosis using magnetic 
resonance imaging (M.R.I.) , a recognized powerful 
diagnostic technique in clinical practice (Stark, D.D., 
Bradley, W. G. , Jr., Eds. "Magnetic Resonance Imaging" 
The C. V. Mosby Company, St. Louis, Missouri (USA), 
1988) , mainly employs paramagnetic pharmaceutical 
compositions, preferably containing chelated complexes of 
bi-trivalent paramagnetic metal ions with 

polyaminopolycarboxylic ligands and/or their derivatives 
or analogues . 

The images, basically deriving from the NMR signal 
of water protons, are the result of a complex interaction 
between different parameters, such as proton density and 
Ti and T 2 relaxation times. A contrast enhancement can be 
obtained through the administration of exogenous chemical 
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substances which significantly change the resonance 
properties of nearby water protons (see Lauffer, R.B. 
Chem. Rev. 1987, 87, 901) . 

The paramagnetic contrast agents used for N.M.R 
imaging act modifying the relaxation times of the water 
protons present in the tissues in which said contrast 
agents are concentrated, and they can therefore increase 
the contrast between different tissues, or between 
healthy and diseased tissues. 

Gadolinium paramagnetic complexes, due to their high 
capability of reducing relaxation times of the protons of 
nearby water molecules through dipolar interaction, have 
been the object of studies, publications and patents. 

Some of them are at present in clinical use as 
M.R.I, contrast agents: 

Gd-DTPA, N-methylglucamine salt of the gadolinium 
complex with diethylenetriaminopentaacetic acid, 
MAGNEVI ST® ; Gd-DOTA, N-methylglucamine salt of the 
gadolinium complex with 1,4,7, 10-tetraazacyclododecane- 
1,4 , 7, 10-tetraacetic acid, DOTAREM®; Gd-HPDCGA, 

gadolinium complex with [10- (2-hydroxypropyl) -1,4, 7, 10- 
tetraazacyclododecane-1 , 4 , 7-triacetic acid, PROHANCE® ; 
Gd-DTPA-BMA, gadolinium complex with diethylene- 
triaminopentaacetic acid bis (methylamide) , OMNISCAN®. 

The contrast agents listed above and commercially 
available are intended for a general use. In fact, after 
administration, the M.R.I, said contrast agents diffuse 
in blood and in the extracellular areas of various parts 



WO 00/38738 PCT/EP99/10002 

3 

of the body before being excreted. They are therefore 
similar, in this respect, to the iodinated compounds used 
for X-ray medical diagnosis. 

At present, the medical profession is in need of 
5 contrast agents that are aimed at specific organs or for 
imaging of the blood system, which cannot be well defined 
by means of the products already commercially available. 
The first approach to obtain the latter consisted in 
covalently linking the contrast agent to macromolecules , 

10 such as proteins, or in inglobating it inside stable 
molecular aggregates such as liposomes, or still in using 
the so-called superparamagnetic particles. 

For example, the gadolinium complex with 
diethylenetriaminopentaacetic acid (Gd-DTPA) was linked 

15 to human albumin (HSA) , polylysine or dextran (Oksendal 
A. N. et al . , J. Magn. Reson. Imaging, 157, 1993; 
Rocklage S. M. , "Contrast Agents, Magn. Res. Imaging, 
Mosby Year Book, 372-437, 1992) in order to minimize or 
even suppress the diffusion from blood into the 

20 extracellular fluid thus providing a higher retention of 
the agent in the blood system. Such an approach, although 
attaining the desired effect, suffers from disagreeable 
side effects as the agent itself is excreted with 
difficulty. 

25 A different strategy is the use of superparamagnetic 

particles coated with polyethylene glycols or 
hydrocarbons in order to reduce the hepatic uptake by 
endothelial reticulum or by other systems (Tilcock C, 
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Biochim. Biophys . Acta, 77, 1993; Bogdanoy A. A. et al . , 
Radiology, 701,1993), thus prolonging the permanence of 
said agents in blood. In this case, also the above 
mentioned side effects occur, as well as problems due to 
the high production cost. 

The demand for an efficient blood pool agent, having 
low toxicity and reasonably economic costs, is therefore 
still unmet. 

The present invention relates to the novel use as 
blood pool agents of specifically selected compounds, 
already previously described by the Applicant in 
international patent application WO-A-95/32741 , resulting 
from the conjugation of a bile acid with a chelating 
agent, which are capable of chelating the ions of 
paramagnetic bi- trivalent metals, as well as to novel 
compounds, the process for the preparation thereof and 
the use thereof as blood pool agents. 

Said compounds have shown a good hepatobiliary 
excretion (see Anelli P. L . et al . , Acta Radiologica, 38, 
125, 1997) which makes them promising contrast agents for 
visualizing the hepatobiliary system. 

It has surprisingly been found that a specific class 
of said compounds remains in the vascular system for a 
sufficiently long time so as to be valuable for use as 
contrast agents for the imaging of the vascular system, 
particularly of coronaries . 

This effect can be clearly evidenced carrying out in 
vivo tests in animals (such as rabbit, monkey) . The 
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permanence in the vascular system can in fact be 
immediately visualized when plotting the proton 
relaxation values (1/Tx) of blood samples of the animal, 
taken at appropriate time intervals after administration 
of the contrast agent . 

As Gd(III) complexes are paramagnetic species, high 
1/T X values are evidence of high concentrations of the 
contrast agent in blood. 

The difference between a conventional extracellular 
contrast agent and a blood pool agent, is well clarified 
in the paper by Lauffer et al . , Radiology, 529,1998 in 
which T x profiles in blood as a function of time elapsed 
after the administration of the contrast agent are 
reported. 

In particular, the complexes of the present 
invention, when administered for example to the rabbit at 
a dosage compatible with a reasonable safety index, are 
capable of inducing changes in relaxation rates (measured 
in Al/Tx) in blood higher than 5 s" 1 10 minutes after 
administration, thus being promising for use as contrast 
agents for the imaging of the vascular system. 

It has been found that this type of effect cannot be 
solely related to the presence of bile acids, but it 
depends on the chemical structure of said complexes. It 
seems, in fact, that the chelating unit should be 
preferably linked to the steroidal skeleton through a 
bond at the 3,7 or 12 positions of the bile acid. 

It has, in fact, been proved that any linkage 
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between the chelating unit and the bile acid involving 
the carboxylic group at the 24 position would yield 
complexes having unsatisfactory permanence in the 
vascular system. 




It is therefore an object of the present invention 
the use as blood pool agents of the complexes of the 
compounds of general formula (I) with paramagnetic bi- 
trivalent metal ions selected from the group consisting 
of Fe(2 + ), Fe<3 + ), Cu<2 + ), Cr<3 + ), Gd<3 + ), Eu( 3 + ), 
Dy(3 + ) / Yb(3 + ) orMn( 2 + ), 

X-L-Y (I) # 

in which 

X is the residue of a polyaminopolycarboxylic ligand 
or derivatives thereof, selected from the group 
consisting of: 

ethylenediaminotetraacetic acid (EDTA) , diethylene- 
triaminopentaacetic acid (DTPA) , 1 , 4 , 7 , 10-tetraaza- 
cyclododecane-1, 4 , 7, 10- tetraacetic acid (DOTA) , 
1,4,7, 10-tetraazacyclododecane-l , 4 , 7-triacetic acid 
(D03A) , [io- (2-hydroxypropyl) -1 , 4 , 7 , 10-tetraaza- 

cyclododecane-l , 4 , 7 -triacetic acid (HPD03A) , 4- 
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carboxy-5, 8, 11-tris (carboxymethyl) -1 -phenyl -2 -oxa- 
5, 8, ll-triazatridecan-13-oic acid (BOPTA) ; 
Y is the derivative of a bile acid selected from the 
group consisting of residues of cholic, 
chenodeoxycholic , deoxycholic , ursodeoxycholic , 
lithocholic acids, 



24 




Ursodeoxycolic Acid Litocholic Acid 



both as they are and f unctionalized at the positions 
having the hydroxy group as the reactive group, 
independently of the stereochemistry of the final 
products , 

said derivative also comprising the conjugate of the 
acid group at the 24 position with taurine and 
glycine ; 

L is a chain linked to any position of X, optionally 
comprising one of the carboxylic groups which is 
thus transformed into an amido group, and to the C- 
3, C-7, C-12 positions of Y, and it has the 



wo 
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(ID 
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A 



(ii), 



m 



5 m 



A 



in which 

is an integer ranging from 1 to 10, wherein for 
values above 1, A can have different meanings, 
has the following formula (III) , 



I q can be 0 or 1 , but they are not at the same 
time zero, 

can range from 0 to 10, 
is an oxygen atom or a -NR group, 
in which 

is a hydrogen atom, or a (C 1 -C 5 ) alkyl group either 
unsubstituted or substituted by a -COOH group. 
Particularly preferred compounds are those in which 
the spacing chains L have the following general 
formulae (Ilia) and (Illb) . 




m 



(III) 



10 
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XOOH 




(Ilia), 2 _ 5 (mb)/ 




Also preferred are the structures in which Z is the 
oxygen atom and therefore L is formed through the hydroxy 
groups present at the 3, 7, 12 positions, independently 
of the stereochemistry of the final products. 

Particularly preferred are the compounds of formula 
(I) in which the residue X is selected from the group 
consisting of: EDTA, DTPA, DOTA, D03A, BOPTA; L is 
selected from the group consisting of (Ilia) , (Illb) ; 

Y is preferably selected from the group consisting 
of residues of cholic, deoxycholic, chenodeoxycholic, 
lithocholic acids, linked to L by an amino group at the 
3- position and the acidic group at the 24 position is 
present as it is or as its taurine or glycine derivative. 

Y can also be differently f unctionalized, for 
example through conversion of one or more hydroxy groups 
into keto groups . 

Particularly preferred complexes with paramagnetic 
metal ions defined above are the complexes with 
gadolinium or with manganese. 

Preferred are the compounds of general formula (IV) , 
in which in general formula (I) the residue X is DTPA, 
substituted on the central chain, and in which R x is a 
hydrogen atom or the -COOH group, 
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HOOC— \ r— COOH 



HOOC— ^ 



R^L-Y 



-COOH 

(IV), 



Y is selected from the group ... consisting of cholic, 
deoxycholic, chenodeoxycholic , lithocholic residues and L 
has the structure of formula (III) . 

Particularly preferred are compounds of general 
formula (IVa) 



HOOC — \ v — COOH 

N N 
HOOC--' > f ^COOH 



N 

HOOC L-Y 



(IVa), 



in which R 1 is the -COOH group and Y has the meanings 
defined above for the compounds of general formula (IV) 
and L has the structures (Ilia) or (Illb) . 

Further objects of the present invention are the 
following novel compounds, belonging to the class of 
general formula (IVa) , as well as the processes for the 
preparation thereof; 

[30 (S) , 5p] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] ethyl] - 
amino] -4 -carboxy- 1 -oxo -butyl] (carboxymethyl) amino] cholan- 
24-oic acid 
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[3p(S) ,50] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] ethyl] 
amino] ~4-carboxy-l-oxobutyl] amino] cholan-24 -oic acid; 

5 




[3p (S) , 5p, 7P] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] - 7 -hydroxy c ho lan - 
10 24-oic acid; 




[3a (S) , 5p] -3- [2 [- [5- [bis [2- [bis (carboxymethyl) amino] - 
15 ethyl] amino] -5 -carboxypentyl] -amino] -2 -oxoethoxy] cholan- 
24-oic acid; 
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[30 (S) , 5p] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] ethyl] - 
amino] -4-carboxy-l-oxobutyl] amino] -12-oxocholan-24-oic 
acid; 



5 




[3P (S) , 5p, 7a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] -7 -hydroxy cho lan - 
24-oic acid; 




o 



N 2 -bis [2- [bis (carboxymethyl) amino] ethyl] -N- [ (30, 50, - 
7a, 12a) -7, 12-dihydroxy-24-oxo-24~ [ (2 -sulf oethyl ) amino] 
15 cholan-3-yl] -L-glutamine 



o 




20 



N 2 -bis [2- [bis (carboxymethyl) amino] ethyl] -N- [ (30, 5p) -24- 
oxo-24- [ (2 -sulf oethyl) amino] cholan-3-yl] -L-glutamine; 
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[3P (S) , 5p, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] -12 - hydroxy c ho - 
lan-24-oic acid; 




[3P (R) , 5p, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] - 12 -hydroxy c ho - 
lan-24-oic acid; 




[3p (RS) , 5P, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] - 12 -hydroxy cho- 
lan-24-oic acid; 
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COOH 



[3a (S) , 5P, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] -12 -hydroxy c ho - 
lan-24-oic acid; 




[3P (RS) , 5p, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) - 
amino] ethyl] amino] -4-carboxy-l-oxobutyl] amino] -7,12- 
dihydroxycholan-24 -oic acid; 




COOH 



o 



[3a (S) , 5p, 7a, 12a] -3- [ [ [ [5- [bis [2- [bis (carboxymethyl) - 
amino] ethyl] amino] -5-carboxypentyl] amino] carbonyl] oxy] - 
7 , 12-dihydroxycholan-24-oic acid; 
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[3a (S) , 5p] -3- [2- [ [5- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] - 5 -carboxypentyl ] amino] -2 -oxoethoxy] cholan- 
24-oic acid. 




Other compounds belonging to this class, whose 
complexes with gadolinium have been described in patent 
application WO-A-95/32741 , are the following: 
[3P(S) ,5p,7a,12cc] -3- [ [4- [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] -7, 12 -dihydroxy- 
cholan-2 4-oic acid; 




o 



[3p(S) , 5p, 7a, 12a] -3- [ [4- [ [5- [bis [2- [bis (carboxymethyl) - 
amino] ethyl] amino] -5 -carboxypentyl] amino] -1,4-dioxo- 
butyl] amino] -7, 12 -dihydroxycholan-24 -oic acid. 
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Also preferred are the compounds of general formula 
(IVb) , which also are DTPA derivatives substituted at the 
central position, 



HOOC— \ /—COOH 
HOOC— ^ 



COOH 

(IVb), 

NT 



10 in which Y has the meanings defined above for compounds 
of formula (IV) and L has the structure (Ilia) . 

The present invention further relates to the 
following novel compounds, that belong to the class of 
general formula (IVb) , as well as to the process for the 

15 preparation thereof: 

(3p,5p,7a, 12a) -3- [ [ [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] acetyl] amino] -7, 12 -dihydroxycholan-24-oic 
acid 



20 
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OP, 5(3) -3 - [ [ [ [ [bis [2- [bis (carboxymethyl ) amino] ethyl] - 
amino] acetyl] amino] acetyl] amino] cholan-24 -oic acid 




Other compounds belonging to this class, whose 
complexes with gadolinium have been described in patent 
application WO-A-95/32741, are the following : 
(3P, 5(3, 7a, 12a) -3- [ [ [ [ [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] acetyl] amino] acetyl] amino] -7, 12 -dihydroxy- 
cholan-24-oic acid; 




Op, 5P, 7a, 12a) -3- [ [6- [ [ [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] acetyl] amino] - 1 - oxohexy 1 ] amino] -7 , 12 -dihydro- 
xycholan-24 -oic acid . 




Particularly preferred also are the compounds of 
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general formula (V) , in which in general formula (I) the 
residue X is DTPA, Y has the meanings defined above for 
compounds (IV) and L has the structure of formula (Ilia) . 

^.COOH 

HOOC^K'^^ N ^^K'^~~ L ~' Y (V), 
HOOC^ ^COOH 



Other compounds belonging to this class, whose 
complexes with gadolinium have been described in patent 
application WO-A-95/32741 , are the following: 
(3P, 5P, 7a, 12a) -3- [ [N- [N- [2- [ [2- [bis (carboxymethyl) amino] - 
ethyl] (carboxymethyl) amino] ethyl] -N- (carboxymethyl) gly- 
cyl] glycyl] amino] -7, 12 -dihydroxycholan-24 -oic acid; 




18- [ [ (3P, 5P, 7a, 12a) -23 -carboxy-7 , 12 -hydroxy- 24 -norcholan- 
3 -yl] amino] -3,6, 9- tris (carboxymethyl) -11 , 18-dioxo- 
3,6,9, 12-tetraazaoctadecanoic acid. 
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Also preferred are the compounds of formula (VI) , in 
which in formula (I) the residue X is D03A, Y has the 
meanings defined above for compounds of formula (IV) and 
L is selected from the structures (Ilia) and (Illb) . 



Among the compounds of formula (VI) , particularly- 
preferred is 10- [3- [ [ (3a, 5(3, 7a, 12(3) -23 -carboxy-7 , 12-di- 
hydroxy- 2 4 -norcholan- 3 -yl ] oxy ] - 2 - hydroxypropyl ] - 1 , 4 , 7 , 1 0 - 
tetraazacyclododecane-1 , 4 , 7-triacetic acid, whose complex 
with gadolinium has been described in patent application 
WO-A-95/32741 . 



Similarly, the compounds of general formula (VII) 
are preferred, in which in formula (I) the residue X is 
EDTA, Y has the meanings defined above for compounds of 
formula (IV) and L has the structure of formula (III) . 

Particularly preferred are the complexes of 
compounds of formula (VII) with manganese. 




HOOC^/ n l — A 




COOH 
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^COOH 

HOOC^ N ^\^ N - L _ Y (VII), 



HOOC 



Among the compounds of formula (VII) particularly 
preferred are the following: 

[3a (S) ,5p,12a] -3- [ [ [ [5- [ [2- [bis (carboxyme thy 1 ) amino] - 
ethyl] ( carboxyme thyl) amino] -5-carboxypentyl] amino] carbo- 
nyl]oxy] - 12 -hydroxycholan-24 -oic acid 




[3p (S) , 5p, 7a, 12a] -3- [ [4- [ [5- [ [2- [bis (carboxyme thyl) ami- 
no] ethyl] (carboxyme thyl) amino] -5-carboxypentyl] amino] - 
1, 4-dioxobutyl] amino] -7, 12 -dihydroxycholan-24 -oic acid 




[3a (S) ,5(J] -3- [2- [ [5- [ [2- [bis ( carboxyme thyl ) amino] - 
ethyl] (carboxyme thyl) amino] -5-carboxypentyl] amino] -2- 
oxoethoxy] cholan-24 -oic acid 
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[3P (S) , 50, 12a] -3- [ [4- [ [2- [ [bis (carboxymethyl ) amino] - 
ethyl] (carboxymethyl) amino] -4-carboxy-l-oxobutyl] amino] - 
12-hydroxycholan-24-oic acid 




[3(3 (S) ,50] -3- [ [4- [ [2- [ [bis (carboxymethyl) amino] ethyl] - 
(carboxymethyl) amino] -4-carboxy-l-oxobutyl] amino] -12- 
oxocholan-24 -oic acid 




The compounds of general formula (I) can be prepared 
with the method of convergent synthesis which comprises: 
1) synthesis of a f unct ionalized ligand, i.e. of a 

ligand capable of coordinating one paramagnetic 
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metal ion while binding stably to the bile acid by- 
means of a suitable functional group; 

2) synthesis of a f unctionalized bile acid; 

3) coupling reaction between the two different syntons; 

4) cleavage of any protective groups; 

5) complexation of the paramagnetic metal ion; 
illustrated in detail in the above cited patent 
application WO-A-95/32741 . 

Some of the preferred processes for the preparation 
of the ligands of the present invention involve the 
formation of an amide bond between two syntons, one of 
them being the precursor of the chelating system of the 
paramagnetic ion (Synton A) , the other being the 
precursor of the bile acid residue contained in the final 
complex (Synton B) . 

The methods described hereinbelow should not be 
considered limiting the synthesis of the compounds of the 
present invention . 

The amide bond can be formed: 

a) by reacting Syntons A containing a carboxylic 
function with Syntons B containing a primary or 
secondary amino function; 

b) by reacting Syntons A containing a primary or 
secondary amino function with Syntons B containing a 
c arboxy 1 i c f unc t i on ; 

c) by reacting DTPA dianhydride (commercially available 
product) with a Synton B containing a primary or 
secondary amino function. 
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A list of some of the syntons A and B used for this 
invention is reported in the following Table. 
Table 



Synton A 


Synton B 


tBuOOC^^\^COOH 

tBuOOC^NT ^rr^cootBu 
tBuOOC^ ^COOtBu 




C 




-^COOMe 


tBuOOC^ 
tBuOOC. ^N. 

tBuOOC COOtBu 


H 2 N^CONH^ 


c 

H 


OH 


FV 

)H 


.N. .COOtBu 

_ r 

tBuOOc^hr 

tBuOOC^ 


HN^ 
©uOOC^ 


H 


OH^ 

-^'" H OH 


^-v^COOMe 


tBuOOC^^^COOH 
COOtBu 

tBuOOC^N^ 
tBuOOC^ 


HOOC^O"*"^ 


H 


5* 


.^^COOMe 

j 






OH 

H 



5 
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The Syntons used are of course suitably protected at 
those groups which could give rise to parasitic reactions 
under the conditions used for the formation of the amide 
bond. After formation of the bond between the two 
syntons, one or more deprotection steps for restoring the 
original groups should be contemplated. 

Alternatively to this type of processes, the 
chelating subunit can be introduced by multi-step 
reactions starting from a bile acid derivative, as in the 
case of the synthesis of the compound described in 
Example 3 of the Experimental section, illustrated in the 
following Scheme 1. 
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Scheme 1 




The present invention also relates to a novel 
process illustrated in the following Scheme 2 : 



Scheme 2 



A 

protection ) ( transamidation ?3 ft 

™^ * * R.OOC 



N ^COOH ^ N ^COOR 5 5 N — R 

H R 4 NH 2 R NHR 4 R 2 H 




in which 
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R 4 



is an amino-protecting group; 



R5 



is a straight or branched C^-Cio 



alkyl or aryl , 



R2 and R3 



are independently a hydrogen atom, 



5 



straight or branched C 1 -C 2 q alkyl, 
unsubstituted or substituted by aryl 



groups, or said groups form a C 3 -C 10 



cycle ; 



which process makes use of a transamidation reaction and 

10 allows to maintain the stereochemistry at the chiral 
centre adjacent to the nitrogen atom of the starting 
pyrrolidinone and to afford a secondary amide. The 
combined selection of groups R 4 and R 5 is important in 
that the cleavage should take place under diversified 

15 conditions. Possible examples of R 4 are the 
carbobenzyloxy (Cbz) group and of R 5 are the methyl group 
or the t -butyl group. 

This process is applicable generally in order to 
obtain glutamic acid y- amides and it is very useful and 

20 advantageous for the preparation of the compounds of the 
invention, in particular glutamic acid y-amides with 3- 
amino derivatives of residues Y, as defined above. In 
fact, it allows to obtain the final compound avoiding the 
use of the expensive condensing agents for the formation 

25 of the y-amido bond between glutamic acid and the 
corresponding amine. 

An example of the application of this entirely novel 
synthetic procedure is the synthesis of [3(3 (S) , 50, 12a] -3- 
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[ [4- [bis [2- [bis (carboxymethyl) -amino] ethyl] amino] -4-car- 
boxy- 1 - oxobuty 1 ] amino ] - 1 2 - hydroxy chol an - 2 4 - o i c acid, 
whose conventional synthesis is reported in Example 4 of 
the Experimental section, whereas the alternative one is 
reported in Example 5 and the complete synthetic scheme 
is shown in the following Scheme 3 . 
Scheme 3 





Analogously was prepared the cholic acid derivative 
already described in patent application WO-A-95/32741 , 
[3P(S) , 50, 7oc, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] -7, 12 -dihydroxy- 
cholan-24-oic acid. 

Metal ions suitable to form complex salts with the 
chelating agents of general formula (I) are the bivalent 
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or trivalent ions of the elements selected from the group 
consisting of: Fe< 2 + ), Fe( 3 + ), Cu( 2 + ), Cr( 3 + ), Gd( 3 + ), 
Eu( 3 + ), DyO + ) , Yb< 3 + ) or Mn<2 + ), 

As for the diagnostic use of the novel chelated 
complexes of the invention, they can be used as contrast 
agents, particularly for use as blood pool agents in the 
imaging diagnostic technique by means of magnetic 
resonance . 

The preparation of the complexes is carried out 
conventionally, according to a process in which the oxide 
or the suitable salt of the paramagnetic metal, dissolved 
in water or suspended in a water-alcohol solution, is 
added to an aqueous or water-alcohol solution of the 
chelating agent, under stirring and, if necessary, heated 
mildly or to the boiling temperature, until completion of 
the reaction. If the complex is insoluble in the reaction 
solvent, it can be filtered. If it is soluble, it can be 
recovered by evaporating off the solvent to a residue, 
for example through spray drying. 

In case the resulting complex still contains free 
acidic groups, it is transformed into a neutral salt by 
reaction with an organic or inorganic base which forms 
physiologically compatible cations in solutions. 

For the preparation of these neutral salts, a 
sufficient amount of the base can be added to the 
complexes containing free acidic groups in aqueous 
solution or suspension to neutrality. The resulting 
solution can thus be conveniently evaporated or a 
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suitable solvent can be added to crystallize the complex 
salt . 

Preferred inorganic cations suitable for salifying 
the chelated complexes of the invention comprise in 
particular alkali or alkaline-earth metal ions such as 
potassium, sodium, calcium, magnesium, and the mixtures 
thereof. Particularly preferred is the sodium ion. 

Preferred cations deriving from organic bases 
suitable for the above mentioned purpose comprise, inter 
alia, those of primary, secondary and tertiary amines, 
such as ethanolamine, diethanolamine , morpholine, 
glucamine , N-methylglucamine , N, N-dimethylglucamine , N- 
methylglucamine being particularly preferred. 

Preferred cations deriving from amino acids 
comprise, for example, those of taurine, glycine, lysine, 
arginine or ornithine. 

An alternative to this process consists in preparing 
the injectable formulation without isolating the complex 
salt . In this case it is mandatory for the final 
solutions to contain no free metal ions, which are toxic 
for the body. 

This can be checked by titration, for example, with 
colored indicators such as Xylenol Orange. A final 
purification step of the complex salt could also be 
envisaged . 

In this type of process the chelating agent, the 
salt or the metal oxide, and any salifying bases, are 
reacted in the stoichiometric ratios in water for 
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injections, then, after completion of the reaction, 
pyrogens are filtered off and the product is distributed 
in suitable containers and then thermally sterilised. 

The injectable pharmaceutical formulations are 
typically prepared by dissolving the active ingredient, 
prepared as described above, and the excipients in water 
of suitable purity from the pharmacological point of 
view, so as to provide a pharmaceutical formulation 
suitable for the enteral or parenteral administration, in 
concentrations ranging from 0.01 to 1.0 molar. The 
resulting contrast agent is suitably sterilised. 

The contrast agents are administered, depending on 
the diagnostic requirements, at a dose of 0.01 - 0.3 
mmol/kg body weight. 

In principle, the doses for the parenteral 
administration range from 0.001 to about 1.0 mmol/kg body 
weight. The preferred doses for the parenteral 
administration range from 0.01 to about 0.5 mmol/kg body 
weight . 

The doses for the enteral administration range, in 
general, from 0.5 to about 10 mmol/kg, preferably from 
about 1.0 to about 10 mmoi/kg body weight. 

The novel formulations of the present invention show 
good tolerability; moreover their water solubility is a 
further, important feature which makes them particularly 
suitable for use in nuclear magnetic resonance. 

The diagnostic compositions of the present invention 
are used conventionally. The compositions can be 
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10 



15 



administered to a patient, typically a hot-blooded 
animal, both systemically and topically in the organ or 
in the tissue to be visualized by magnetic resonance. 

The analysis protocols and the apparatuses can be 
found in works such as Stark, D. D., Bradley, W. G. , 
Magnetic Resonance Imaging, Mosby Year Book, St. Louis, 
Mo, 1992. 

The experimental conditions used will be illustrated 
in detail in the Experimental section. 

Experimental section 
EXAMPLE 1 

Gadolinium complex of [30 (S) , 5p] -3- [ [4- [bis [2- [bis- 
(carboxymethyl) amino] ethyl] amino] -4 -carboxy-l-oxobutyl] - 

amino] cholan-24 -oic acid salified with 1-deoxy-l- 
(methylamino) -D-glucitol (1:3) 



'ooc — y i — coo 

N Gd 3 + n 

ooc — ' i r ^ — coo 



OOC 




COO' 



3- 



HO»-/ 
3 \~OH 
HO*-/ 

V'OH 

OH 



A) [3p(S) ,5(3] -3- [ [5- (1, 1-Dimethylethoxy) -4- [bis [2- 
20 [bis [2- (1, 1-dimethylethoxy) -2-oxoethyl] amino] - 

ethyl] amino] -1, 5-dioxopentyl] amino] cholan-24-oic 
acid methyl ester 

3.6 g of (3p, 5p) -3-aminocholan-24-oic acid methyl 
ester (prepared analogously to the procedure described in 
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WO-A-95/32741 : example 5) (9.24 mmol) , 8.5 g of N,N- 
bis [2- [bis [2- (1, 1 -dimethylethoxy) -2-oxoethyl] amino] - 
ethyl] -L-glutamic acid t -butyl ester (prepared as 
described in WO-A-95/32741: example 15) (11.39 mmol) and 
5 1.64 g of diethyl cyanophosphonate (9.39 mmol) are 
dissolved in 160 mL of DMF . The solution is cooled to 
0°C, 1.28 mL of Et 3 N (9.24 mmol) are dropped therein and 
the reaction mixture is left for 3 0 min at room 
temperature. After 1 h the solution is evaporated under 

10 reduced pressure, the residue is taken up with EtOAc, 
washed with 5% NaHC0 3 and then with brine. The organic 
phase is separated, dried over Na2SC>4 and then evaporated 
under reduced pressure. The crude is purified by f lash- 
chroma tography to obtain 9.5 g of the desired product 

15 (8.50 mmol) . 

Yield: 92% 
K.F. : 3.47% 

Elemental analysis C H N 

% calc: 66.63 9.74 5.01 

20 % found: a 67.42 10.08 5.07 

a after drying at 12 0 °C under vacuum 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent =4:6 EtOAc/n-hexane 

Detection: 0.5% KMn0 4 in 1 M NaOH R f = 0.4 6 

25 The Ih-NMR, 13 C-NMR / IR and MS spectra are consistent 
with the indicated structure. 

B) [3p(S) ,5(5] -3- [ [4-Carboxy-4- [bis [2- [bis (carboxyethyl) - 
amino] ethyl] amino] -1-oxobutyl] amino] cholan-24 -oic 
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acid methyl ester 

A stirred solution of 9 . 3 g of the compound prepared 
at step A) (8.32 mmol) in 50 mL of CH2CI2 is added with 
5.1 mL of CF3COOH (66.6 mmol); after 10 min at a 
temperature of 0-5 °C the solution is evaporated. The 
residue is taken up into 5 0 mL of CF3COOH and, after 24 h 
at room temperature, added with further 3 0 mL of CF3COOH 
to complete the reaction. After 5 h the reaction mixture 
is evaporated and the residue is treated with CH2CI2/ 
evaporating each time the solvent under reduced pressure 
until obtaining a powder. The solid is washed with H2O, 
filtered and dried to obtain the desired product (6.9 g; 
8 . 24 mmol) . 

Yield: 99% m.p.: 205°C 

K.F. : 7.78% 

Elemental analysis C H N 

% calc: 60.27 8.18 6.69 

% found: a 59.28 8.11 6.68 

a after drying at 12 0 °C under vacuum 

TLC: Stationary phase: silica gel plate 60F 254 Merck 

Eluent = 6:4:1 CHCI.3 /MeOH/25% NH4OH. 

Detection: 0.5% KMn0 4 in 1 M NaOH Rf= 0.2 8 

The 1 H~NMR, 13 C-NMR, IR and MS spectra are consistent 

with the indicated structure. 

C) [3(3 (S) , 5(3] -3- [ [4- [Bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4 - carboxy - 1 - oxobutyl ] amino] cholan-24 - 
oic acid 

A suspension of 6.14 g of the compound prepared at 
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step B) (7.33 mmol) in 50 mL of H 2 0 is added with 50 mL 
of 1 M NaOH (50 mmol) keeping pH 13 by means of a pH-stat 
apparatus. After 2 h at room temperature the reaction 
mixture is acidified (pH 0.5) with 12 M HC1 to give a 
5 suspension which is filtered, washed with H 2 0 and dried 
to afford the desired product (5.64 g; 6.85 mmol). 
Yield: 93% m.p.: 205°C 

K.F. : 9.02% 

Elemental anal. C H N Cl,Na 

10 % calc. : 59.84 8.08 6.81 

% found: a 59.56 8.15 6.80 <0.1 

a after drying at 12 0 °C under vacuum 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 6:4:1 CHC1 3 /MeOH/2 5% NH 4 OH 
15 Detection: 0.5% KMn0 4 in 1 M NaOH Rf= 0.25 

The 1 H-NMR / 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

D) Gadolinium complex of [315 (S) , 5S] -3 - [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l- 
20 oxobutyl] amino] cholan-24 -oic acid salified with 1- 

deoxy-1- (methylamino) -D-glucitol (1:3) 

4.53 g of the compound prepared at step C) (5.5 
mmol) are suspended in 50 mL of H 2 0 and solubilised with 
10 mL of 2 M meglumine aqueous solution (2 0 mmol) 
25 obtaining a solution at pH 6.8. After that, 11 mL of 0.5 
M GdCl 3 aqueous solution (5.5 mmol) are added in 1 h, 
keeping pH 6.8 by addition of 6 . 5 mL of 2 M meglumine 
aqueous solution (13 mmol) . The progress of the reaction 
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is monitored by capillary electrophoresis. After 2 h the 
solution is filtered through a Millipore® membrane, 
nanofiltered and evaporated. The residue is dried to give 
the desired compound (6.15 g; 4.17 mmol) . 
Yield: 76% m.p. : 220°C 

K.F. : 8.44% 



CE assay: 100% (area%) 
Capillary: 

10 Voltage: 

Buffer : 

Temperature : 

Stop time: 

Detection (UV) : 
15 Injection: 

Concentration sample : 

Instrumentation : 



fused silica 0.56 m x 50 mm with a 
bulb cell 
25 kV 

0.05 M borate pH 9.3, 0 . 3 mM EDTA 
40 °C 
2 0 min 
200-210 nm 

hydrostatic (50 mbar, 5 s) 
1 mg mL" 1 ; 

Hewlett PacKard 3D HPCE 





Preconditioning : 


t (min) 


action 






2 • 


washing with H2O 


20 




2 


washing with 0.1 M NaOH 






1 


washing with H2O 






5 


washing with buffer 






9 


start analysis 




Elemental anal . C 


H Gd 


N Cl,Na 


25 


% calc . : 47 . 65 


7.35 10.06 


6.27 




% found : a 47.83 


7.36 10.01 


6 . 24 < 0 . 1 



a after drying at 12 0 °C under vacuum 

The IR and MS spectra are consistent with the indicated 
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structure . 

The following compounds and the related gadolinium 
complexes are prepared analogously: 

Gadolinium complex of [30 (S) , 5(3, 7p] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l-oxobu- 
tyl] amino] -7-hydroxycholan-24-oic acid salified with 1- 
deoxy-1- (methylamino) -D-glucitol (1:3) ; 

Gadolinium complex of [3a (S) , 5p] -3- [2 [- [5- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -5-carboxypentyl] - 
amino] -2-oxoethoxy] cholan-24 -oic acid salified with 1- 
deoxy-1- (methylamino) -D-glucitol (1:3) ; 

EXAMPLE 2 

Gadolinium complex of [3(3 (S) , 50] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l- 
oxobutyl] amino] -12-oxocholan-24-oic acid salified with 1- 
deoxy-1- (methylamino) -D-glucitol (1:3) 




A) (3P, 5p) -3-Azido-12-oxocholan-24-oic acid methyl ester 
12.5 mL of Jones reagent [33.3 mmol Cr(VI)] are 
dropped into a solution of 17.8 g of OP, 5p, 12a) -3-azido- 
12-hydroxycholan-24-oic acid methyl ester (41.1 mmol) 
(prepared analogously to the method described for 
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(3P, 5p, la, 12a) -3-azido-7, 12 -dihydroxycholan-24 -oic acid 
methyl ester in WO-A-95/32741 : example 5) in acetone (600 
mL) in 90 min at room temperature. After 20 h the mixture 
is filtered and the solution is evaporated. The residue 
is dissolved in CHC1 3 (400 mL) and the solution is washed 
with saturated aq. NaHC0 3 then with H 2 0. The solution is 
dried and evaporated to give a crude which is 
crystallized from 96% EtOH to obtain 14.1 g of the 
desired product (32.9 mmol) . 
Yield: 84% m.p. : 153°C 

K.F. : < 0.1% 

[a] 20 D = + 83.25 (c 2.1, CHCI3) 
Elemental analysis C H N 

% calc: 69.90 9.15 9.78 

% found: 69.98 9.32 9.69 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent : 8 : 2 n-hexane/EtOAc 

Detection: 0.5% KMn0 4 in 1 M NaOH Rf= 0.43 

The !h-NMR # 13 C-NMR, IR and MS spectra are consistent 

with the indicated structure. 

B) (3p, 5P) -3-Amino-12-oxocholan-24-oic acid methyl ester 
A solution of 16.4 g of compound A) (38.2 mmol) in 
THF (13 0 mL) is hydrogenated in the presence of 5 % Pd/C 
(1.6 g) at room temperature and at 4 0 bar for 15 h in a 
Parr® autoclave. The reaction mixture is filtered (paper 
and FH 0.5 fim Millipore® membrane) and evaporated. The 
crude is purified by flash- chromatography to afford 11.8 
g of the desired product (29.2 mmol). 
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Yield: 77% m.p. : 129-130°C 

K.F. : 1 . 04% 

[a] 20 D = + 87.8 (c 2.02, CHCl 3 ) 

Elemental analysis C H N 

5 % calc: 74.40 10.24 3.47 

% found: 72.72 10.00 3.35 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent : 95 : 5 MeOH/Et 3 N 

Detection: 0.5% KMn0 4 in 1 M NaOH Rf= 0.31 

10 The Ih-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

C) [3p(S) , 5p] -3- [ [4- [Bis [2- [bis [2- ( 1 , 1 -dimethyl 
ethoxy) -2-oxoethyl] amino] ethyl] amino] -5- (1,1- 
dimethylethoxy) -1, 5-dioxopentyl] amino] -12-oxocholan- 
15 24-oic acid methyl ester 

A solution of DCC (6.24 g; 30.3 mmol) in CH 2 C1 2 (25 
mL) is dropped in 3 0 min into a solution of N,N-bis[2- 
[bis [2- (1, 1-dimethylethoxy) -2-oxoethyl] amino] ethyl] -L- 
glutamic acid 1- (1 , 1-dimethylethyl) ester (prepared as 
20 described in WO-A-95/32741 : example 15) (21.5 g; 28.9 
mmol), compound B) (11.1 g ; 27.5 mmol) and HOBT (1- 
hydroxybenzotriazole) (3.72 g ; 27.5 mmol) in CH 2 C1 2 (300 
mL) at 0 °C under nitrogen. The mixture is left to warm 
to room temperature. After 21 h the reaction mixture is 
25 filtered and the solution is washed with NaHC0 3 saturated 
aqueous solution, then H 2 0, and subsequently evaporated. 
The crude is purified by f lash- chromatography to afford 
24.5 g of the desired product (21.7 mmol) . 
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Yield: 79% 

[a] 20 D= + 12.17 (c 2.07, CHC1 3 ) 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent : 1 : 1 EtOAc/n-hexane 

Detection: 0.5% KMn0 4 in 1 M NaOH Rf= 0.45 

The 3-H-NMR, 13 C-NMR, IR and MS spectra are consistent 

with the indicated structure. 

D) [3(3 (S) , 5P] -3- t [4- [Bis [2- [bis (carboxymethyl ) amino] 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] -12 - 
oxocholan-24-oic acid 

80 mL of TFA (1.0 mol) are dropped into a solution 
of 23.8 g of the compound prepared at step C) (21.0 mmol) 
in CH 2 C1 2 (50 mL) at 0°C, in 1 h. The reaction mixture is 
stirred at room temperature then, after 2 h, evaporated. 
The residue is taken up with TFA (10 0 mL; 1.3 mol) and 
the solution stirred for further 24 h. The reaction 
mixture is then evaporated, taken up with CH 2 C1 2 and 
evaporated again. The crude is dissolved in 150 mL of 1 M 
NaOH, cooling with an ice-bath, and the solution is 
stirred for 15 h (pH 10) at room temperature. The 
reaction mixture is adjusted to pH 13 with 3.30 mL of 30% 
NaOH and, after 4 h, filtered through a Millipore® 
membrane (HAS 0.45 fim) . The filtrate is acidified with 
12.5 mL of 30% HCl and 19 mL of 1 M HC1 to pH 1.60. The 
precipitate is filtered, washed with H 2 0 and dried to 
give 15.8 g of the desired product (18.9 mmol) . 
Yield: 90% m.p.: 172-175°C 

K.F. : 1.98% 
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[a] 20 D=+ 43.54 (c 2.02, 1 M NaOH) 
HPLC: 97% (area%) 
Stationary phase: 



Temperature : 
Mobile phase: 



Gradient 



min 
0 

40 
50 



Zorbax ECLIPSE XDB-C8 3.5 jam; 150 x 4.6 
mm. ; 
40°C; 

gradient elution; 

A = 0.017 M H3PO4, 0.3 mM EDTA in H 2 0; 
B = CH 3 CN 

% A % B 

85 15 

65 35 

65 35 



Flow rate: 
Detection (UV) 



1.5 mL min" 1 ; 
210 nm; 

Elemental analysis C H N Cl Na 

% calc: 58.84 7.71 6.69 

% found: 56.57 7.68 6.37 0.25 0.18 

TLC: Stationary phase: silica gel plate 60F 254 Merck 

Eluent: 5:4:2 CHCl 3 /MeOH/25% NH 4 0H 

Detection: 0.5% KMn0 4 in 1 M NaOH R f = 0.28 

The 1H-NMR, 13 C-NMR, IR and MS spectra are consistent 

with the indicated structure. 

E) Gadolinium complex of [30 (S) , 5p] -3 - [ [4- [bis [2 - 
[bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l- 
oxobutyl] amino] - 12 -oxocholan-24 -oic acid salified 
with 1-deoxy-l- (methylamino) -D-glucitol (1:3) 
49.0 mL of 0.918 M meglumine aqueous solution (45.0 

mmol) are dropped into a suspension of 14.0 g of the 
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compound prepared at step D) (16.7 mmol) in H 2 0 (100 mL) , 
at room temperature, to give a clear solution (pH 6.5). 
31.6 mL of 0.503 M GdCl 3 aqueous solution (15.9 mmol) are 
dropped therein keeping pH 6.5 by addition of 55.7 mL of 
5 0.918 M meglumine aqueous solution (51.1 mmol) by means 
of a pH-stat. At the end of the additions the mixture is 
filtered through a Millipore® membrane (HAWP 0.45 fim) , 
nanof iltered, adjusted to pH 7.0 with 0.100 mL of 0.918 M 
meglumine aqueous solution (0.092 mmol) and evaporated. 
10 The residue is dried to give 22.0 g of the desired 
product (14.0 mmol) . 
Yield: 84% m.p. : 100-105 °C 

K.F. : 5.06% 

HPLC assay: 97% (area%) 
15 Stationary phase: HYPURITY™ Elite C18 5 /xm; 

mm column of Hypersil; 
40°C; 

gradient elution; 
A =0.01 M KH 2 P0 4 in water; 
20 B = CH 3 CN 

Gradient : min % A % B 

0 95 5 

40 65 35 

50 65 35 

25 Flow rate: 1 mL min" 1 ; 

Detection (UV) : 210 nm; 



250 x 4.6 



Temperature : 
Mobile phase 
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Elemental analysis C H N Gd Na,Cl 

% calc: 47.23 7.16 6.22 9.97 

% found: 45.70 7.32 6.00 9.41 < 0.1 

The IR and MS spectra are consistent with the indicated 
5 structure. 

EXAMPLE 3 

Gadolinium complex of OP, 5(3, 7a, 12a) -3 - [ [ [bis [2 - 
[bis (carboxymethyl) amino] ethyl] amino] acetyl] amino] -7, 12- 
dihydroxycholan-24-oic acid salified with 1-deoxy-l- 
10 (methylamino) -D-glucitol (1:2) 




A) OP, 5P, 7a, 12a) - 3- [ [ [Bis [2- [bis [2- ( 1 , 1 -dimethyl - 
15 ethoxy) -2-oxoethyl] amino] ethyl] amino] acetyl] amino] - 

7 , 12-dihydroxycholan-24-oic acid methyl ester 
24.8 g of OP, 5p, 7a, 12a) -3- [ (aminoacetyl ) amino] - 
7, 12-dihydroxycholan-24-oic acid methyl ester (prepared 
according to the procedure described in WO-A-95/32741 : 
20 example 5) (51.9 mmol) are suspended in a stirred 
solution of 3 8.7 g of N- (2 -bromoethyl ) -N- [2 - ( 1 , 1 - 
dimethylethoxy) -2-oxoethyl] glycine 1, 1-dimethylethyl 

ester (prepared according to the procedure described in 
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WO-A-95/32741 : example 15) (110 mmol) in 390 mL of CH 3 CN. 
The addition of 245 mL of 2 M phosphate buffer pH 8 gives 
a biphasic solution which is vigorously stirred at room 
temperature for 144 h. The organic phase is separated and 
evaporated and the- residual oil is dissolved in 250 mL of 
CH 2 C1 2- The solution is washed with H 2 0, dried (Na 2 S0 4 ) 
and evaporated. The crude is purified by flash- 
chromatography (eluent = 95 : 5" CHCI3/CH3OH) to give the 
desired product (24.8 g; 24.3 mmol). 
Yield: 47% 

[a] 20 D = + 9.45 (c 1.5, CHCI3) 
Elemental analysis C H N 

% calc: 64.68 9.47 5.49 

% found: 64.55 9.44 5.4 6 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 88 : 12 CHCl 3 /MeOH 

Detection: 0.5% KMnG 4 in 1 M NaOH Rf = 0.57 

The lH-NMR # 13 C-NMR 7 IR and MS spectra are consistent 

with the indicated structure. 

B) (3p,5p, la, 12a) -3- [ [ [Bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] acetyl] amino] -7, 12 -dihydroxycholan-24 - 
oic acid 

318 mL of 2 M Li OH aqueous solution (63 6 mmol) are 
added dropwise, in 15 min, to a solution of the compound 
prepared at step A) (21.6 g ; 21.1 mmol) in 310 mL of 
EtOH. After 23 h, EtOH is evaporated and the reaction 
mixture is stirred for further 2 h. The solution is 
dropped into 255 mL of 2 . 6 M HC1 and the pH is adjusted 
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to 1.4 with 30% NaOH. After 1.5 h, the precipitate is 
filtered, washed with 300 mL of 0.1 M HC1 and dried to 
give the desired product (13.1 g; 16.7 mmol) . 
Yield; 78% m.p. : 129-132 °C dec 

HPLC assay: 97.8% (area%) 

Lichrosorb RP-Select B 5 |^m;250 x 4 mm 
column Merck KGaA ; 
4 5 ° C ; 

gradient elution; 

A = 0.01 M KH 2 P0 4 and 0.017 M H3PO4 in 
H 2 0 

B = CH3CN 

% A 
95 
20 
20 



Stationary phase 

Temperature : 
Mobile phase: 



% B 
5 

80 
80 



mm 
0 
5 

45 

Flow rate: 1 mL min" 1 ; 

Detection (UV) : 210 nm; 

Complexometric titer: 95.5% (0.1 M GdCl 3 ) 
[a] 20 D = +13.03 (c 5, 1 M NaOH) 
Elemental analysis C H N CI 

% calc. : 58.30 7.98 7.16 

% found: 54.63 8.12 6.64 1.82 H 2 0 4.89 

C) Gadolinium complex of (3(3, 5p, 7a, 12a) -3- [ [ [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] acetyl] amino] - 
7, 12-dihydroxycholan-24-oic acid salified with 1- 
deoxy-1- (methylamino) -D-glucitol (1:2) 

11.3 g of the compound prepared at step B) (13.8 
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mmol) are suspended in 4 0 mL of H 2 0 and dissolved by 
addition of 44.7 mL of 1 M meglumine aqueous solution 
(44.7 mmol) up to pH 6 . 13 . 7 mL of 1 M GdCl 3 aqueous 
solution (13.7 mmol) are dropped into the mixture in 1 h 
keeping pH 6.5 by addition of 73.5 mL of 1 M meglumine 
aqueous solution (73.5 mmol). The reaction mixture is 
nanofiltered and pH is adjusted to 6.8 with 0.3 mL of 0.1 
M meglumine. After evaporation and drying the desired 
product is obtained (17.2 g; 12.9 mmol). 
Yield: 93% m.p.: 245-249 °C dec. 

Free ligand: < 0.1% (0.001 M GdCl 3 ) 
HPLC assay: 100% (area%) 



Stationary phase: Lichrospher 100 RP-8 5 jam; 250 x 4 mm 

column Merck KGaA; 
Temperature : 4 0 ° C ; 

Mobile phase: isocratic elution with premixed phase: 

1 g of n-octylamine and 0.3 mmol of 
Na 2 EDTA are added to 2 60 mL of CH 3 CN 
and 74 0 mL H 2 0. The solution is 
buffered to pH 7 with H3PO4. 

Flow rate: 1 mL min** 1 ; 

Detection (UV) : 210 nm; 

Elemental analysis C H Gd N 

% calc: 47.05 7.06 11.84 6.33 

% found: 45.19 7.21 11.22 6.07 H 2 0 4.16 

The IR and MS spectra are consistent with the indicated 

structure . 
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EXAMPLE 4 

Gadolinium complex of [30 (S) , 5$, 12a] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] - 4 - carboxy - 1 - oxobu - 
tyl] amino] -12 -hydroxycholan-24 -oic acid salified with 1- 
deoxy-1- (methylamino) -D-glucitol (1:3) 




coo" 



3- 



HO 



HO 




A) [3p (S) , 5p, 12a] -3- [ [4- [Bis [2- [bis [2- (1, 1 -dimethyl - 
10 ethoxy) -2-oxoethyl] amino] ethyl] amino] - 5- (1,1- 

dimethylethoxy) -1, 5-dioxopentyl] amino] -12 -hydroxy- 
cholan-24 -oic acid methyl ester 

Triethylamine (2.23 g; 22 mmol) is added to a 
solution of 8.93 g of (30, 50, 12a) -3 -amino-12- 

15 hydroxycholan-24 -oic acid methyl ester (prepared 
analogously to the cholic acid derivative described in 
WO-A-95/32741: example 5) (22 mmol), 16.41 g of N,N- 
bis [2- [bis [2- (1, 1- dimethyl ethoxy) -2-oxoethyl] amino] - 
ethyl] -L-glutamic acid 1- (1 , 1-dimethylethyl) ester 

20 (prepared as described in WO-A-95/32741: example 15) (22 

mmol) and 3.91 g of diethyl cyanophosphonate (24 mmol) in 
300 mL of DMF at 0 °C. After 1.5 h at 0 °C and 18 h at 
room temperature, the reaction mixture is evaporated and 
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the residue is dissolved in EtOAc . The solution is washed 
with NaHC0 3 saturated aqueous solution and H 2 0, dried 
(Na 2 S0 4 ) and evaporated. The crude is purified by flash- 
chromatography to give the desired product (2 0.67 g; 18.2 
mmol) . 
Yield: 83% 

[ct] 20 D= - 6.75 (c 2.0, CHC1 3 ) 
Elemental analysis C H N 

% calc. : 65.69 9.60 4.94 

% found: 66.54 9.95 4.99 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 1 : 1 n-hexane/EtOAc R f = 0.09 

Detection: Ce (SO4) 2 -4H 2 0 (0 . 18%) and (NH 4 ) 6 Mo 7 0 24 -4H 2 0 
(3 . 83%) in 10% H 2 S0 4 

The 1 H-3STMR / "c-NMR, IR and MS spectra are consistent 
with the indicated structure. 

B) [3P(S) , 5p, 12a] -3- [ [4- [Bis [2- [bis (carboxymethyl) - 

amino] ethyl] amino] -4 -carboxy- 1-oxobutyl] amino] -12- 
hy dr oxy c holan-24-oic acid 

The compound prepared at step A) (19.72 g; 17.4 
mmol) is dissolved in 105 mL CF3C0 2 H at room temperature. 
After 2 6 h the solution is evaporated and the residue is 
treated with H 2 0; the solid is filtered, washed with H 2 0 
and partially dried under vacuum. The resulting 
intermediate is suspended in H 2 0 and dissolved with 1 M 
NaOH up to pH 13. After 5 h at room temperature 0.5 M HC1 
is dropped into the solution up to pH 1.4. After 15 h at 
room temperature the precipitate is filtered, washed with 
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H 2 0 and dried to give a crude which is purified by 
chromatography over resin Amberlite® XAD 160 0 resin to 
obtain the desired product (9.92 g; 11.8 mmol) . 
Yield: 68% m.p.: 184 °C (dec.) 

Complexometric titer (0.1 M GdCl 3 ): 99.3% 
Acidic titer (0.1 N NaOH) : 99.8% 
[a] 20 X (c 2.0; 1 M NaOH) 

Mnm) 589 578 546 436 405 365 

[a] + 23.61 + 24.59 + 27.90 + 46.67 + 55.61+ 71.40 
Elemental analysis C H N 

% calc: 58.70 7.93 6.68 

% found: 58.22 8.16 6.59 H 2 0 0.70% 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 5:4:2 CHCl 3 /MeOH/25% NH4OH R f = 0.13 

Detection: Ce (S0 4 ) 2 -4H 2 0 (0 . 18%) and (NH 4 ) 6 Mo 7 0 24 -4H 2 0 
(3 . 83%) in 10% H 2 S0 4 

The Ih-NMR, 13 C-NMR 7 IR and MS spectra are consistent 
with the indicated structure. 

C) Gadolinium complex of [30 (S) , 5(3, 12a] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l- 
oxobutyl] amino] -12 -hydroxycholan-24 -oic acid sali- 
fied with 1-deoxy-l- (methylamino) -D-glucitol (1:3) 
The compound prepared at step B) (8.39 g; 10 mmol) 
is suspended in H 2 0 (3 0 mL) and dissolved by addition of 
1 M aqueous meglumine (36.5 mL; 36.5 mmol) up to pH 6 . A 
1.025 M GdCl 3 aqueous solution (9.85 mL; 10.1 mmol) is 
added in 1 h keeping pH 6 by addition of 1 M aqueous 
meglumine (19.3 mL; 19.3 mmol) . The solution is 
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nanofiltered and the pH is adjusted to 7.0 with 1 M aq. 

meglumine. After evaporation and drying the desired 

product is obtained (8.57 g; 5.4 mmol) . 

Yield: 54% m.p. : 150-166 °C (170 °C dec.) 

Elemental analysis C H N Gd 

% calc: 47.17 7.28 6.21 9.96 

% found: 43.40 7.31 5.68 9.31 H 2 0 7.14% 

The IR and MS spectra are consistent with the indicated 

structure . 

D) Analogously to the compound prepared at step C) , the 
gadolinium complex of [3(3 (S) , 5p, 12a] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4 -carboxy-1- 
oxobutyl] amino] -12-hydroxycholan-24-bic acid sali- 
fied with sodium (1:3) is prepared 

The compound prepared at step B) (26.92 g; 32.08 
mmol) is suspended in H 2 0 (100 mL) and dissolved by 
addition of 2 M NaOH (56 mL; 112 mmol) to pH 6. A 0.512 M 
GdCl 3 aqueous solution (58.2 mL; 29.77 mmol) is added in 
3 h keeping pH 6 by addition of 2 M NaOH (28.95 mL; 57.9 
mmol). The pH of the solution is adjusted to 6.7 with 2 M 
NaOH (4 mL; 8 mmol) and the solution is nanofiltered. 
After freeze -drying, the desired product is obtained 
(29.86 g; 28.2 mmol). 
Yield: 88% m.p. : > 300 °C 

Elemental anal C H N Gd Na 

% calc: 46.49 5.71 5.29 14.85 6.51 

% found: 43.98 6.34 4.92 13.86 6.16 H 2 0 4.63% 

The IR and MS spectra are consistent with the indicated 
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structure . 

EXAMPLE 5 

Alternative method for the preparation of [3p (S) , 50, 12a] - 
3- [ [4- [bis [2- [bis (carboxymethyl ) amino] ethyl] amino] -4- 
carboxy-l-oxobutyl] amino] -12 -hydroxycholan-24 -oic acid 
according to scheme 3 

A) (S) -5-Oxo-l , 2- pyrrol idinedicarboxylic acid 2 -methyl 
1- (phenyl methyl) diester 

7.1 g of CH 3 I (50 mmol) are added to a solution of 
6.58 g of (S) -5-oxo-l, 2-pyrrolidinedicarboxylic acid 1- 
(phenylmethyl) ester (25 mmol) and N,N- 

diisopropylethylamine (3.55 g; 27.5 mmol) in CH 2 C1 2 (33 
mL) and the reaction mixture is refluxed for ,6.5 h. After 
cooling to room temperature and dilution with CH 2 C1 2 (50 
mL) the reaction mixture is washed with H 2 0, 2 % aq. 
Na 2 CO S/ 0.2 M HC1 and H 2 0. After drying over Na 2 S0 4 and 
evaporation, the desired product (6.8 g; 24.5 mmol) is 
obtained . 
Yield: 98% 

HPLC assay: 98.5% (area%) 

Stationary phase: Lichrosorb RP-Select B 5 p.m; 250 x 4 mm 

column Merck KGaA; 
Temperature : 4 5 0 C ; 

Mobile phase: gradient elution; 

A = 0.017 M H3PO4 in water 

B = CH 3 CN 
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Gradient: min % A % b 

0 80 20 

15 80 20 

35 40 60 

Flow rate: 1 mL min"* 1 ; 

Detection (UV) : 210 nm. 
[a]2 0^ (c 2; CHC1 3 ) 

X (nm) 589 578 546 365 

[a] - 42.97 - 44.79 - 50.09 - 100.43 
Elemental analysis C H N 

% calc: 60.64 5.45 5.05 

% found: 60.94 5.54 5.00 

The iH-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

B) [3P (S) , 5P, 12a] -3- [ [5-Methoxy-l, 5-dioxo-4- [ [ (phenyl - 
methoxy) carbonyl] amino] pentyl] amino] -12 -hydroxy c ho - 
lan-24-oic acid methyl ester 

8.92 g of (3p, 5(3, 12a) - 3 -amino- 12 -hydroxycholan-24 -oic 
acid methyl ester (prepared analogously to the cholic 
acid derivative described in WO-A- 95/32741 : example 5) 
(22 mmol) are added to a solution of compound A) (6.1 g; 
22 mmol) in dioxane (55 mL) and the resulting mixture is 
heated to 50 °C for 24 h, then to 105 °C for 29 h. The 
solvent is evaporated under reduced pressure and the 
residue is purified by- flash- chromatography (gradient 
elution with EtOAc/n-hexane) followed by crystallization 
with a 1 : 1 EtOAc/n-hexane mixture, to give the desired 
product (11.2 g; 16.4 mmol). 
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Yield: 75% m.p.: 140°C 

HPLC assay: 99.2% (area%) 

Stationary phase: Lichrosorb RP-Select B 5 ]Lim; 250 x 4 mm 

column Merck KGaA; 
45°C; 

gradient elution; 
A = 0.017 M H3PO4 in water 



Temperature : 
Mobile phase: 



Gradient : 



B 


= CH3CN 




min 


% A 


% B 


0 


65 


35 


25 


15 


85 


30 


15 


85 


1 mL 


min" 1 ; 





Flow rate : 
Detection (UV) : 210 nm. 

[a] 20 X(c 2 . 01; CHCI3) 
Mnm) 589 578 546 

[a] + 24.14 + 25.13 + 28.51 

Elemental analysis C H 

% calc. : 68.70 8.43 



365 
+ 73 . 81 
N 
4 . 11 



% found: 69.36 8.72 4.13 

TLC: Stationary phase: silica gel plate 60F 254 Merck 

Eluent : EtOAc 

Detection: Ce (S0 4 ) 2 -4H 2 0 (0.2 %) and (NH 4 ) 6 Mo 7 0 24 -4H 2 0 
(3.8%) in 10 % H 2 S0 4 Rf= 0.11 

The 1 H~NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

C) [3p (S) , 5P, 12a] -3- [ [4- [Bis [2- [bis [2- ( 1 , 1 -dimethyl - 

ethoxy) -2 -oxoethyl] amino] ethyl] amino] -5-methoxy-l , 5- 
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dioxopentyl] amino] -12-hydroxycholan-24-oic acid 
methyl ester 

1 g of 5 % Pd/C is added to a solution of compound 
B) (10.4 g; 15.3 mmol) in MeOH (100 mL) ; the suspension 

5 is stirred for 3.5 h under hydrogen atmosphere (absorbed 
H 2 : 34 8 mL; 15.5 mmol) at room temperature. After 
filtration over a Millipore® FH filter (0.45 fim) , the 
solution is evaporated under reduced pressure to give a 
residue which is dissolved in CH 3 CN (60 mL) . 2 M Aqueous 

10 pH 8 phosphate buffer (60 mL) is added, then a solution 
of N- (2-bromoethyl) -N- [2- ( 1 , 1-dimethylethoxy) -2 -oxo- 

ethyl] glycine 1 , 1-dimethylethyl ester (prepared according 
to the procedure described in WO-A-95/32741 : example 15) 
(11.86 g; 33.7 mmol) in CH 3 CN (15 mL) is added dropwise 

15 in 10 min at room temperature. The mixture is stirred for 
3 9 h. After separation, the organic phase is evaporated 
under reduced pressure and the residue is dissolved in 
AcOEt (200 mL) . The solution is washed with H2O, dried 
(Na 2 SC>4) and evaporated. The crude is purified by flash- 

20 chromatography (gradient elution with EtOAc/n-hexane) to 
give the desired product (11.36 g; 10.4 mmol). 
Yield: 68% m.p. : 55-58°C 

HPLC assay: 100% (area%) 
[a] 20 X (c 2.01; CHC1 3 ) 

25 X (nm) 589 578 546 365 

[a] - 6.97 - 7.41 - 8.61 - 32.89 
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Elemental analysis C H N 

% calc. : 64.93 9.42 5.13 

% found: 65.06 9.36 5.11 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
5 Eluent : EtOAc 

Detection: Ce (S0 4 ) 2' 4H 2° (°- 2 % ) and ( NH 4 ) 6 Mo 7°24' 4H 2 0 
(3.8%) in 10 % H 2 S0 4 Rf= 0.45 

The 1 H-NMR / 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 
10 D) [3(5 (S) , 5p, 12a] -3- [4- [Bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] - 12 -hydroxy - 
cholan-24-oic acid 

A solution of compound C) (8.5 g; 7.8 mmol) in 
dioxane (50 mL) is added with 2 M LiOH aqueous solution 

15 (117 mL; 234 mmol) . The resulting mixture is stirred at 

room temperature for 72 h, then acidified to pH 6 by slow 
addition of 37% HCl . The solution is concentrated to 50 g 
by evaporation under reduced pressure and diluted with 
H 2 0 (40 mL) . The solution is acidified to pH 2.5 by 

20 addition of 37 % HCl, heated to 50-55 °C and, under 
strong stirring, acidified very slowly to pH 1.3 with 2 N 
HCl. After 5 min the heterogeneous mixture is left to 
slowly cool to room temperature, under stirring, for 15 
h. The precipitate is filtered, washed with H2O and dried 

25 to give the desired product (5.92 g; 7 mmol) . 
Yield: 90% m.p.: 180-198°C 

HPLC assay: 99.9% (area%) 

Stationary phase: Zorbax ECLIPSE XDB-C8 3.5 |im; 150 x 
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Temperature : 
Mobile phase 



4.6 mm column Rockland Technologies, 
Inc . ; 
40°C; 

gradient elution; 
A = 0.017 M H 3 P0 4/ 0.3 mM EDTA in 
water; 
B = CH 3 CN 

Gradient : min % A % B 

0 85 15 

40 65 35 

50 65 35 

Flow rate: 1 . 5 mL min" 1 ; 

Detection (UV) : 210 nm; 
Acidic titer (0.1 N NaOH) : 99% 
[a] 20 X (c 2.04; IN NaOH) 

X (nm) 589 578 546 436 405 365 

[a] +24.80 +25.83 +29.22 +49.02 +58.43 +75.59 

Elemental anal. C H N Cl , Li 

% calc. : 58, 70 7, 93 6, 68 

% found 57,90 7,97 6,57 <0.1 H 2 0 0.95 

The ^-H-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

EXAMPLE 6 

Gadolinium complex of (3P, 5£, 7a, 12a) -3- [ [ [ [ [bis [2 - 
[bis (carboxymethyl) amino] ethyl] amino] acetyl] amino] acetyl] 
amino] -7, 12 -dihydroxycholan-24 -oic acid salified with 1- 
deoxy-1- (methylamino) -D-glucitol (1:2) 
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A) N- [ [Bis [2- [bis [2- (1 , l-dimethylethoxy-2 -oxoethyl] - 
amino] ethyl] amino] acetyl] glycine 

6.5 g of glycylglycine (49.3 mmol) are suspended in 
100 mL of a 1 : 1 H 2 0/EtOH mixture and dissolved at pH 10 
with 10 M NaOH (4.8 mL) . N- (2 -Bromoethyl ) -N [2- (1,1- 
dimethylethoxy) -2 -oxoethyl] glycine l, 1-dimethylethyl 

ester (42 g ; 110.9 mmol) in 40 mL of EtOH is dropped 
therein in 2 h, keeping pH 10.5 with 10 M NaOH (5.8 mL) . 
The solution rapidly turns into an emulsion, which is 
dissolved after 2 . 5 h by addition of 10 M NaOH. After 22 
h the solvent is evaporated, the mixture is diluted with 
water and extracted with CH 2 C1 2 . The organic phase is 
washed with H 2 0, dried and evaporated, to give a residue 
which is purified by flash- chromatography . The residue is 
dissolved in water, the pH is adjusted to 4.5 by addition 
of 1 M HC1 and the solution is extracted with chloroform. 
The organic phase is washed with H 2 0, dried and 
evaporated, to give 13 g of the desired product (19.3 
mmol) . 
Yield: 39% 
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Elemental analysis 



C 



H 



N 



% calc . : 



56.95 



8 . 66 



8.30 



% found: 



56.67 



8.68 



8.30 



TLC : Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 6:3:1 CHCl 3 /MeOH/25% NH 4 OH 
Rf = 0 . 65 

Detection: 1% KMn0 4 in 1 M NaOH 

The ^-H-NMR, 13 C-NMR, IR and MS spectra are consistent with 
the indicated structure. 

B) (3P, 50, 7a, 12a) -3 - [ [ [ [ [Bis [2- [bis [2- (1, 1 -dimethyl - 

ethoxy) -2-oxoethyl] amino] ethyl] amino] acetyl] amino] - 
acetyl] amino] -7, 12 -dihydroxycholan-24 -oic acid me- 
thyl ester 

2.8 mL of TEA (20.2 mmol) are added dropwise in 5 
min into a solution containing 13.6 g of the compound 
prepared at step A) (20.2 mmol), 8.52 g of 
Op, 5p, 7a, 12a) -3 -amino- 7, 12 -dihydroxycholan-24 -oic acid 
methyl ester (20.2 mmol) and DEPC (3.4 mL; 22.2 mmol) in 
DMF (290 mL) stirred at 0 °C. After 1 h the reaction is 
warmed to room temperature and the solution is stirred 
for 6.5 h. 0.3 mL of DEPC (2 mmol) are added and the 
solution is stirred for further 15.5 h. DMF is 
evaporated, the residue is dissolved in EtOAc, washed 
with aq. NaHC03 then with water and finally dried. After 
purification by f lash- chromatography , 13.7 g of the 
desired product are obtained (12.7 mmol). 
Yield: 63% 

[a] 20 D = +5.26 (c 1.5; CHCI3) 
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Elemental analysis 



N 



calc . : 



63 .48 



9.25 



6.49 



% found : 



63 .22 



9.40 



6.40 



The 1 H-NMR / 13 C-NMR 



IR and MS spectra are 



consistent 



with the indicated structure. 

C) (3(3, 5P, 7a, 12a) -3- [ [ [ [ [Bis [2- [bis (carboxymethyl) - 

amino] ethyl] amino] acetyl] amino] acetyl] amino] -7, 12- 
dihydroxycholan-2 4-oic acid 

12.85 g of the compound prepared at step B) (12 
mmol) are dissolved in TFA (210 mL) stirring at -5/0 °C. 
After 16 h, TFA is evaporated to give a residue which is 
dissolved in 90 mL of 0.8 M NaOH at pH 13 and stirred at 
room temperature for 15 h. The solution is concentrated 
to 50 mL, dropped into 105 mL of 0.6 M HCl and stirred 
for 2 h. The solid is filtered, washed with 0.1 M HCl and 
dried to obtain a crude which is purified by 
chromatography. The fractions containing the desired 
compound in the salified form are evaporated to give a 
residue which is dissolved in water and dropped into 1 M 
HCl, maintaining pH 1.45. The precipitate is filtered, 
washed with 0.1 M HCl and dried to give 2.6 g of the 
desired product (3.1 mmol) . 
Yield: 26% m.p. : 120-125 °C 

HPLC assay: 98% (area%) 

The 1 H-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

D) Gadolinium complex of (3p, 5p, 7a, 12a) -3- [ [ [ [ [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] acetyl] amino] ac 
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etyl] amino] -7 , 12-di-hydroxycholan-24-oic acid sali- 
fied with 1-deoxy-l- (methyl amino) -D-glucitol (1:2) 
2.59 g of the compound prepared at step C) (3.08 
mmol) are suspended in water (2 0 mL) and dissolved by 
5 addition of 1 M meglumine aqueous solution (3.08 mL; 3.08 
mmol) to pH 5 . Gd 2 0 3 (0.501 g; 2.77 mmol) is added to the 
mixture heating to 50 °C. After 1 h, 1 M meglumine (2.8 
mL; 2.8 mmol) is added to dissolve the precipitate. After 
24 h the reaction mixture is filtered and the pH is 

10 adjusted to 6.8 with 1 M aqueous meglumine (0.4 mL) . 
After evaporation and drying, 4.2 g (3.00 mmol) of the 
desired product are obtained. 
Yield: 99% m.p.: 209-213 °C dec. 

HPLC assay: 99.7% (area%) 

15 Free ligand: < 0.1% (0.001 GdCl 3 ) 

Elemental anal. C H N Gd 

% calc: 46.84 6.99 7.08 11.36 

% found: 44.01 7.35 6.68 10.39 H 2 0 4.95 

The IR and MS spectra are consistent with the indicated 

20 structure. 

EXAMPLE 7 

Gadolinium complex of [30 (S) , 50] -3- [ [4- [bis [2- [bis- 
(carboxymethyl) amino] ethyl] amino] -4-carboxy-l-oxobutyl] - 
(carboxymethyl) amino] cholan-24 -oic acid salified with 1- 
25 deoxy-1- (methylamino) -D-glucitol (1:4) 



WO 00/38738 



PCT/EP99/10002 



60 




coo* 



4 



HO« 



HO' 




OH 



A) (3p, 50) -3- [ [2- (l, 1-Dimethylethoxy) -2 -oxoethyl ] amino] - 
cholan-24-oic acid methyl ester 

40.0 g of (3P, 5p) -3-Aminocholan-24-oic acid methyl 
ester (prepared as in Example 1 above) (103 mmol) are 
suspended in DMF (1.0 L) at room temperature under 
nitrogen. Triethylamine (13.0 g ; 129 mmol) is added, then 
a solution of bromoacetic acid 1 , 1-dimethylethyl ester 
(24.0 g; 123 mmol) in DMF (30 mL) is dropped into the 
reaction mixture in 1 h until dissolution. After 3 days 
the mixture is concentrated and diluted with 4 % NaHC0 3 
aqueous solution. The resulting suspension is filtered, 
the precipitate is washed with H 2 0 and dried to give 33.7 
g of the desired product (66.9 mmol). 
Yield: 65 % m.p. : 62-64 °C 

[ a ]20 D = + 23.55 (c 1.96, MeOH) 
Elemental analysis C H N 

% calc: 73.91 10.60 2.78 

% found: 74.67 10.85 2.78 H 2 0 < 0.1 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 7 : 3 n-hexane/EtOAc R f = 0.31 

The Ih-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

B) [3p(S) ,5P] -3- [ [4- [Bis [2- [bis [2- ( 1 , 1 -dimethylethoxy) - 
2 -oxoethyl] amino] ethyl] amino] -5- ( 1 , 1-dimethyletho- 
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xy) -1 , 5-dioxopentyl] [2- (1 , 1-dimethylethoxy) -2 -oxo- 
ethyl] amino] cholan-24-oic acid methyl ester 
Diisopropyl ethyl amine (19.5 g; 151 mmol) is added 
dropwise in 20 min into a solution of compound A) (33.0 
5 g; 65.5 mmol), N,N-bis [2- [bis [2- (1, 1 -dimethylethoxy) -2- 
oxoethyl] amino] ethyl] -L-glutamic acid 1- (1 , 1-dimethyl- 
ethyl) ester (prepared as described in WO-A- 95/32741 : 
example 15) (53.8 g; 72.1 mmol) and (benzotriazol-1- 
yloxy) tris (dimethylanamino) phosphonium 
10 hexaf luorophosphate (BOP) (40.6 g; 91.8 mmol) in DMF (400 
mL) , stirred at room temperature under nitrogen. After 2 
days the reaction mixture is concentrated and taken up 
with EtOAc . The solution is washed with H20, dried 
(Na2SC>4) and evaporated. The crude is purified twice by 
15 flash- chromatography to give 38.7 g of the desired 
product (31.4 mmol) . 
Yield: 48 %. 

[a] 20 D= - 54.50 (c 2.51, CHC1 3 ) 

TLC : Stationary phase: silica gel plate 60F 254 Merck 
20 Eluent : 7 : 3 n-hexane/EtOAc Rf= 0.22 

The 1 H-NMR / 13 C-NMR, IR and MS spectra are consistent 

with the indicated structure. 
C) [3|3 (S) , 5p] -3- [ [4- [Bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] - 4 - carboxy- 1 - oxobutyl ] (carboxymethyl) - 
25 amino] cholan-24 -oic acid 

Into a solution of compound B) (38.7 g; 31.4 mmol) 
in EtOH (350 mL) , stirred at room temperature, 500 mL of 
2 M LiOH solution are added dropwise in 1 h. After 16 h 
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the reaction mixture is concentrated to 500 mL and 2 M 
LiOH solution (350 mL) is added again, heating to 50 °C. 
After 24 h the reaction mixture is cooled to room 
temperature and dropped into 320 mL of 6 M HC1 vigorously 
stirred at 5 °C. The pH of the resulting suspension is 
adjusted to 1.0 with 55 mL of 2 M NaOH. The solid is 
filtered, washed with 0.1 M HC1 and dried. The crude is 
suspended in H 2 0 and solubilised by addition of 1 M NaOH, 
then the basic solution is dropped into 0.5 M HC1 
solution. The precipitate is filtered, washed with 0.05 M 
HC1, H 2 0 and dried to give 23.5 g of the desired product 
(26.7 mmol) . 

Yield: 85 % m.p. : 178-182 °C 

[a] 405 20= + 24.10 (c 1.49, 1 M NaOH) 
HPLC assay : 100% (area%) 

Stationary phase: Hypurity Elite C-18 5 Jim; column 250 x 

4 . 6 mm; 
4 0 ° C ; 

gradient elution; 

A = 0.01 M KH 2 P0 4 , 0.3 mM EDTA in water 
B = CH 3 CN 



Temperature : 
Mobile phase 



Gradient 



mm 

0 

40 
50 



% A 
95 
65 
65 



% B 
5 

35 
35 



Flow rate: 1 mL min" 1 ; 

Detection (UV) : 210 nm. 
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Elemental anal C H N Na Cl 

% calc: 58.62 7.78 6.36 

% found: 57.71 8.07 6.20 0.13 0.55 H 2 0 < 0.1 

The iH-NMR, 13 C-NMR / IR and MS spectra are consistent 
with the indicated structure. 

D) Gadolinium complex of [3p (S) , 5p] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4 -carboxy-1- 
oxobutyl] (carboxymethyl) amino] cholan-24 -oic acid 
salif ied with 1-deoxy-l- (methylamino) -D-glucitol 
(1:4) 

A suspension of the compound prepared at step C) 
(12.9 g; 14.6 mmol) in H 2 0 (100 mL) is added with 1 M 
meglumine aqueous solution (72.0 mL; 72.0 mmol) at room 
temperature to obtain a clear solution having pH 6.2. A 
0.393 M GdCl 3 aqueous solution (37.2 mL; 14.6 mmol) is 
added dropwise, keeping pH 6.2 by addition of 1 M 
meglumine (30.0 mL; 30.0 mmol) by means of a pH-stat. At 
the end of the additions the reaction mixture is filtered 
through paper and then through Millipore® membrane (HAWP 
0.45 fxm) , nanof iltered, adjusted to pH 7 . 0 by addition of 
1 M meglumine (0.20 mL; 0.20 mmol) and evaporated. The 
solid is dried to afford 24.0 g of the desired product 
(13.2 mmol) . 

Yield: 91 % m.p.: 90-92 °C 

HPLC assay : 100% (area%) 

Stationary phase: Lichrospher 100 RP-8 5 Jim; column 

Merck KGAa 250 x 4 mm; 
Temperature: 4 0 °C; 
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Flow rate : 
Detection (UV) : 
Elemental anal . 
% calc . : 



isocratic elution with premixed mobile 
phase: 1 g of n-octylamine is added to 
400 mL of acetonitrile and 600 mL of 
water. The solution is buffered to pH 
6 with H3PO4; 
1 mL min~ 1 ; 
210 nm. 

C H N Gd Na,Cl 

46.96 7.38 6.17 8.66 



% found: 44.27 7.59 5.76 8.21 <0.1 H 2 0 6.61 

The IR and MS spectra are consistent with the indicated 
structure . 

EXAMPLE 8 

Gadolinium complex of [3(3 (R) , 5(3, 12a] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4 -carboxy-l- 
oxobutyl] amino] -12-hydroxycholan-24-oic acid salified 
with sodium (1:3) 



00c 



"OOC 




coo* 



"OOC 



3 NeT 



Following reaction scheme 3 and the experimental 
procedure given in example 5, (R) -5-oxo-l , 2- 

pyrrolidinedicarboxylic acid 1- (phenylmethyl) ester 
(product commercially available) was esterified with 
methyl iodide in the presence of N,N- 
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diisopropylethylamine and the (R) methyl ester thus 
obtained was reacted with (3p, 5(5, 12a) -3-amino-12- 
hydroxycholan-24-oic acid methyl ester (prepared 
analogously to the cholic acid derivative described in 
WO-A-95/32741: example 5) to afford [3P (R) ,5(3, 12a] - 3- [ [4- 
[bis [2- [bis [2- (1, 1-dimethylethoxy) -2-oxoethyl] amino] - 
ethyl] amino] - 5-methoxy- 1 , 5 -dioxopentyl ] amino] - 12 -hydroxy - 
cholan-24-oic acid methyl ester. After removal (H2/PCO of 
the Cbz protecting group and alkylation with N-(2- 
bromoethyl) -N- [2- (1, 1-dimethylethoxy) -2-oxoethyl] -glycine 
1, 1-dimethylethyl ester (prepared according to the 
procedure described in WO-A-95/32741: example 15) in 
CH 3 CN/phosphate buffer pH 8 , an hexaester was obtained 
which was transformed (aq. LiOH/dioxane) into the related 
hexaacid. The latter was complexed, according to the 
procedure reported in example 4, point D) , to obtain the 
desired product with 44% overall yield, 
m.p. : > 300 °C 

Elemental anal C H N Gd Na 

% calc: 46.49 5.71 5.29 14.85 6.51 

% found: 44.02 6.13 5.10 14.09 6.17 H 2 0 4.50% 

The IR and MS spectra are consistent with the indicated 

structure . 

EXAMPLE 9 

Gadolinium complex of [3p (RS) , 5p , 12a] -3 - [ [4 - [bis [2 - 
[bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l-oxobu- 
tyl] amino] -12-hydroxycholan-24-oic acid salified with 
sodium (1:3) 
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The compound was synthetized from (3p, 5$, 12a) -3- 
amino-12-hydroxycholan-24-oic acid methyl ester (prepared 
analogously to the cholic acid derivative described in 
WO-A-95/32741 : example 5) and N,N-bis [2- [bis [2- (1,1- 
dimethylethoxy) -2-oxoethyl] amino] -ethyl] -DL-glutamic acid 
1- (1, 1-dimethylethyl) ester (prepared, from DL glutamic 
acid, as described in WO-A-95/32741: example 15 for the L 
isomer) according to the procedure given in detail in 
example 4. The product was obtained with 61% overall 
yield. 

m.p. : > 300 °C 

HPLC assay: 99% (area%) 

Stationary phase: Zorbax ECLIPSE XDB-C8 3.5 |j.m; 150 x 4.6 

mm column Rockland Technologies, Inc . ; 
Temperature : 4 0 0 C ; 

Mobile phase: gradient elution; 

A = 0.005 M KH 2 P0 4 , 0.005 M K 2 HP0 4 , 0.3 

mM EDTA in water; 

B = CH3CN 
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Gradient : min % A % B 

0 90 10 

5 90 10 

20 50 50 

Flow rate: 1.0 mL min" 1 ; 

Detection (UV) : 210 nm; 

The chromatographic method shows two peaks, in almost 
equal percentage, that are related to diastereoisomers 
due to the RS stereocenter in the DTPA residue. 
Elemental anal. C H N Gd Na 

% calc: 46.49 5.71 5.29 14.85 6.51 

% found: 43.98 6.34 4.98 13.86 6.16 H 2 0 4.63% 

The IR and MS spectra are consistent with the indicated 
structure . 

EXAMPLE 10 

Gadolinium complex of [3a (S) , 50, 12a] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4 -carboxy- 1 -oxobu- 
tyl] amino] - 12 -hydroxycholan-24 -oic acid salified with 
sodium (1:3) 



'OOC 



"OOC 




COO' 



3 Na + 



25 



3a,5p,12a) -3-Amino-12-hydroxycholan-24-oic acid methyl 
ester 

(3a, 50, 12a) -3 , 12 -Dihydroxycholan-24 -oic acid methyl 
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ester was reacted under Mitsunobu conditions (Mitsunobu, 
O. Synthesis 1981, 1-28; Denike, J. K. et al . Chem. Phys . 
Lipids 1995, 77, 261-267) with triphenylphosphine , 
diethyl azodicarboxylate and formic acid in THF to afford 
5 (3P, 5P, 12a) -3-formyloxy-12-hydroxycholan-24-oic acid 

methyl ester. The latter was deprotected (MeOH/HCl) to 
OP, 5P, 12a) -3 , 12-dihydroxycholan-24-oic acid methyl ester 
which was subjected to the series of reactions described 
in WO-A-95/32741 : example 5 for the cholic acid 
10 derivative. (3a, 50, 12<x) -3-Amino-12-hydroxycholan-24-oic 

acid methyl ester was obtained with 32% overall yield, 
m.p. : 90-92 °C 

[a] 20 D= +53.46 (c 1.3, CH 3 OH) 
Elemental analysis C H N 

15 % calc: 74.03 10.69 3.44 

% found: 74.20 10.99 3.26 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 9 : 1 : 0.15 CHCl 3 /CH 3 OH/25% NH4OH R f = 0.21 
The 1 H-NMR, 13 C-NMR, IR and MS spectra are consistent 

20 with the indicated structure. 

Following reaction scheme 3 and the experimental 
procedure given in example 5, (S) -5-oxo-l , 2 - 

pyrrolidinedicarboxylic acid 2 -methyl 1- (phenylmethyl) 
diester was reacted with compound A). The 3a (S) , 5p, 12a] - 

25 3 - [ [4 - [bis [2- [bis [2- ( 1 , 1-dimethylethoxy) -2-oxoethyl] -ami- 
no] ethyl ] amino] -5 -methoxy- 1 , 5 -dioxopentyl ] amino] -12-hy- 
droxycholan-24-oic acid methyl ester thus obtained was 
hydrogenated (H2/Pd) to remove the Cbz protecting group. 
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The subsequent alkylation with N- (2 -bromoethyl) -N- [2 - 
(1, 1-dimethylethoxy) -2 -oxoethyl] glycine 1, 1-dimethylethyl 
ester (prepared according to the procedure described in 
WO-A-95/32741 : example 15) in CH 3 CN/phosphate buffer pH 
8, afforded the related hexaester. The latter was 
transformed (aq. LiOH/dioxane) into the hexaacid which 
was complexed, according to the procedure reported in 
example 4, point D) , to obtain the desired product with 
33% overall yield, 
m.p. : > 300 °C 
HPLC assay: 100.0% (area%) 

Elemental anal C H N Gd Na 

% calc: 46.49 5.71 5.29 14.85 6.51 

% found: 42.04 6.37 4.76 13.28 5.91 H 2 0 9.79% 

The IR and MS spectra are consistent with the indicated 

structure . 



Gadolinium complex of [3p (S) , 5p, 7a] -3- [ [4- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l-oxobu- 
tyl] amino] - 7 -hydroxycholan-24 -oic acid salified with 
sodium (1:3) 



The compound was synthetized from (30, 5(3, 7a) -3 -amino- 



EXAMPLE 11 
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7-hydroxycholan-24-oic acid methyl ester (prepared 
analogously to the cholic acid derivative described in 
WO-A-95/32741: example 5) and N,N-bis[2- [bis [2- (1,1- 
dimethylethoxy) -2-oxoethyl] amino] -ethyl] -L-glutamic acid 
1- (1, 1-dimethylethyl) ester (prepared as described in WO- 
A-95/32741: example 15) according to the procedure given 
in detail in example 4. The product was obtained with 8 9% 
overall yield, 
m.p. : > 300 °C 

Elemental anal C H N Gd Na 

% calc: 46.49 5.71 5.29 14.85 6.51 

% found: 43.88 6.50 4.91 13.62 6.04 H 2 0 7.11% 

The IR and MS spectra are consistent with the indicated 

structure . 



[3p(RS) ,53,7a, 12a] -3- [ [4- [Bis [2- [bis (carboxymethyl ) - 
amino] ethyl] amino] -4-carboxy-l-oxobutyl] amino] -7,12-dihy- 
droxycholan-2 4-oic acid 



The compound was synthetized from (30, 5p, 7a, 12a) -3 - 
amino-7, 12 -dihydroxycholan-24 -oic acid methyl ester 
(prepared as described in WO-A-95/32741: example 5) and 
N,N-bis [2- [bis [2- ( 1 , l -dimethylethoxy) -2-oxoethyl] amino] - 



EXAMPLE 12 
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Temperature : 
Mobile phase 



ethyl] -DL-glutamic acid 1- (1, 1-dimethylethyl) ester 
(prepared, from DL glutamic acid, as described in WO-A- 
95/32741: example 15 for the L isomer) according to the 
procedure given in detail in example 4 for the 
preparation of compound B) . The product was obtained with 
65% overall yield, 
m.p . : 224 °C dec . 
HPLC assay: 97% (area%) 

Stationary phase: Zorbax ECLIPSE XDB-C8 3.5 jam; 150 x 4.6 

mm column Rockland Technologies, Inc . ; 
40°C; 

gradient elution; 

A = 0.017 M H3PO4, 0.3 mM EDTA in 
water; 
B = CH3CN 
min % A 

0 95 
40 65 
50 65 
1.0 mL min"" 1 ; 
Detection (UV) : 210 nm; 

The chromatographic method shows two peaks, in almost 
equal percentage, that are related to diastereoisomers 
due to the RS stereocenter in the DTPA residue. 
Elemental anal. C H N Li , CI 

% calc: 57.60 7.78 6.55 

% found: 54.34 7.81 6.19 < 0.1 H 2 0 5.12% 

The IR, NMR and MS spectra are consistent with the 



Gradient : 



% B 
5 
35 
35 



Flow rate 
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indicated structure. 

EXAMPLE 13 

Gadolinium complex of [3a (S) , 5p, 7a, 12a] -3- [ [ [ [5- [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -5-carboxypentyl] 
amino] carbonyl] oxy] -7, 12 -dihydroxycholan-24 -oic acid 
salified with sodium (1:3) 



3" 




A) [3a (S) ,5p, 7a, 12a] -3- [ [ [ [6- (1 , 1-Dimethylethoxy) -5- 
[bis [2- [bis [2- (1, 1-dimethylethoxy) -2-oxoethyl] 
amino] ethyl] amino] -6-oxohexyl] amino] carbonyl] oxy] - 
7, 12-dihydroxy cholan-24 -oic acid methyl ester 
Method 1 ; a solution of bis (trichloromethyl) 
carbonate (2.9 g; 9.7 mmol) in anhydrous CH 2 Cl2 (40 mL) 
was added dropwise, under nitrogen, to a solution of 
(3a, 5p, 7a, 12a) -3,7, 12 - trihydroxycholan-24-oic acid methyl 
ester (commercial product) (10.0 g; 23.7 mmol) and 
pyridine (2.3 mL; 2 8.4 mmol) in anhydrous CH 2 C1 2 (10 0 mL) 
cooled to 0°C. The mixture was then allowed to warm and 
after 1 h at room temperature the solution was cooled 
again to 0°C, N,N-diisopropylethylamine (7.9 mL; 47.3 
mmol) was added then a solution of N^, N^-bis [2 - [bis [2 - 
(1, 1-dimethylethoxy) -2 -oxoethyl] amino] ethyl] -L-lysine 
(1 , 1-dimethylethyl) ester (Anelli, P. L. et al 
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Bioconjugate Chem. 1999, 10, 137) (17.6 g; 23.7 mmol) in 
anhydrous CH 2 C1 2 (50 raL) was added dropwise. The solution 
was stirred 3 h at room temperature then washed with H 2 0 
(2 x 100 mL) , dried over Na 2 S0 4 and evaporated. The crude 
was purified by flash chromatography to give the 
desidered product (14.8 g; 12.4 mmol). 
Yield: 52%. 

The iH-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

Method 2: A solution of [3a, 50, 7a, 12a] -3 - 

[ (chlorocarbonyl)oxy] - 7 , 12 -dihydroxycholan-24 -oic acid 
methyl ester (Janout, V., Lanier, M. ; Regen, S. L. J. Am. 
Chem. Soc. 1997, 119, 640) (6.1 g; 12.6 mmol) in 
anhydrous CH 2 C1 2 (150 mL) was cooled to 0°C under 
nitrogen and then N,N-diisopropylethylamine (4.8 mL; 27.6 
mmol) was added. Then a solution of N 2 , N 2 -bis [2 - [bis [2 - 
(1, 1-dimethylethoxy) -2 -oxoethyl] amino] ethyl] -L-lysine 
(1, 1-dimethylethyl) ester (9.3 g ; 12.6 mmol) in anhydrous 
CH 2 C1 2 < 20 was added dropwise. The solution was 

stirred 3 h at room temperature then washed with H 2 0 (2 x 
10 0 mL) , dried over Na 2 S0 4 and evaporated. The crude was 
purified by flash chromatography to give the desidered 
product (11.9 g; 9.9 mmol). 
Yield: 79%. 

The 1 H-NMR, ^c-NMR, IR and MS spectra are consistent 
with the indicated structure. 

B) [3a (S) ,50, 7a, 12a] -3- [ [ [ [5- [Bis [2- [bis (carboxyme- 
thyl) amino] ethyl] amino] -5-carboxypentyl] amino] - 
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carbonyl] oxy] -7 , 12 -dihydroxycholan-24 -oic acid 
A 2 M aq. solution of Li OH (141 mL) was added 
dropwise to a solution of compound A) (11.2 g; 9.4 mmol) 
in 1,4-dioxane (141 mL) at room temperature. After 104 h 
the solution was concentrated (15 0 mL) and added dropwise 
to 2 M aq. HC1 (175 mL) : final pH was 1.9. The 
precipitate was filtered, washed with H 2 0 (5 x 50 mL) and 
vacuum dried. The crude was purified by flash 
chromatography. The solid obtained was dissolved in 10% 
aq. CH 3 CN and pH adjusted to 1 by the addition of cone. 
HC1 then the solution was loaded onto an Amberlite® XAD 
16.00 resin column (250 mL) and eluted with a CH 3 CN/H 2 0 
gradient. The fractions containing the product were 
evaporated to give the desidered product (4.3 g; 4.8 
mmol) . 

Yield: 51%. m.p.: 184-l91°C 

K.F. : 4.36% 

[a] 20 D= +19.5 (c 1, 1 M NaOH) 
HPLC assay : 97.3 % (% area) 

Stationary phase: Hypurity Elite C 18 5fam; 250 x 4.6 mm 

column packed by Hypersil; 

Temperature : 4 0°C; 

Mobile phase: gradient elution; 

A - 0.01 M KH 2 P0 4/ 0.3 mM EDTA in water; 

B = CH 3 CN 
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Gradient : 



PCT/EP99/10002 



min 
0 
20 
50 

1 mL min" 1 ; 
Detection (UV) : 200 nm; 
Elemental analysis C 
% calc . : 57.45 
% found: 55.22 



75 
% A 
95 
65 
65 



% B 
5 
35 
35 



Flow rate 



H 

7.85 
7.91 



N 
6.23 
6 . 08 



CI 



<0.1 



10 The iH-NMR, 13 C-NMR / IR and MS spectra are consistent 
with the indicated structure. 

C) Gadolinium complex of [3a (S) ,50, 7a, 12a] -3- [ [ [ [5- 
[bis [2- [bis (carboxymethyl) amino] ethyl] amino] -5- 
carboxypentyl] amino] carbonyl] oxy] -7, 12 -di hydroxy - 

15 cholan-24-oic acid salified with sodium (1:3) 

Compound prepared at step B) (4.7 g; 5.2 mmol) was 
suspended in H 2 0 (100 mL) and dissolved by addition of 1 
M NaOH (10 mL) until pH was 6.5. A solution of GdCl 3 (1.9 
g; 5.2 mmol) in H 2 0 (17 mL) was added maintaining pH 6.5 

20 with 1 M NaOH (15.6 mL) . After 1 h at room temperature, 
the solution was loaded onto an Amberlite® XAD 16.00 
resin column (250 mL) which was eluted with a CH 3 CN/H 2 0 
gradient. The fractions containing the product were 
evaporated to give the desired product (4.2 g; 3.8 mmol). 

25 Yield 72%. m.p.: >300°C 
K.F. : 9.49% 

[a] 20 D= + 2.63 (c 2, H 2 0) 

HPLC assay : 100 % (% area) (same method of step B) 
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Elemental 


analysis C 


u 


M 
1\J 




jNia L-± 


% calc . : 


46 . 15 


5.76 


5. 00 


14 . 05 


6.17 


% found : 


41 . 80 


6.28 


4 .54 


12 . 64 


5.73 <0.1 



The -^-H-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

EXAMPLE 14 

Manganese complex of [3(3 (S) ,5p,12a] -3- [ [4- [ [2- [bis- 
(carboxymethyl) amino] ethyl] (carboxymethyl) amino] -4-car- 
boxy-l-oxobutyl] amino] -12-hydroxycholan-24-oic acid sali- 
fied with sodium (1:3) 




A) [3p (S) , 5P, 12a] -3- [ [4-Amino-5-methoxy-l, 5-dioxopen- 

tyl] amino] -12 -hydroxycholan-24 -oic acid methyl ester 
3.4 g of 5 % Pd/C is added to a solution of 
[3P(S) ,5P, 12a] -3- [ [5-methoxy-l,5-dioxo-4- [ [ (phenylmetho- 
xy) carbonyl] amino] pentyl ] amino] -12-hydroxycholan-24-oic 
acid methyl ester (example 5, product B) (34.14 g; 50 
mmol) in MeOH (34 0 mL) . The suspension was stirred, at 
r . t . , over 3.5 h under a hydrogen atmosphere . After 
filtration through a Millipore® filter FH (0.45 jam) the 
solution was evaporated to dryness to give the desired 
product (27.1 g ; 49.3 mmol). 
Yield 98.6 %. 
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Weight loss (50°C; high vacuum) : <0.1% 



Elemental analysis 



C 



H 



N 



% calc . : 



67 . 85 



9.55 



5.10 



% found: 



68.58 



9.72 



5 . 12 



[a] 20 D= + 36.61 (c 2.01, CHC1 3 ) 
Acidic titer (0.1 M HC1) : 94 . 6 % 

The 1 H-NMR / 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

B) [3p (S) , 5{3, 12a] -3- [ [4- [ [2- [Bis [2- ( 1 , 1 -dimethyl ethoxy) - 
2-oxoethyl] amino] ethyl] [2 - (1 , 1-dimethylethoxy) -2 - 
oxoethyl] amino] -5-methoxy-l , 5 -dioxopentyl] amino] -12 - 
hydroxycholan-24-oic acid methyl ester 

Compound prepared at step A) (16.0 g; 29.1 mmol) and 
N- (2-bromoethyl) -N- [2- ( 1 , 1 -dimethylethoxy) -2-oxoethyl] - 
glicine 1 , 1-dimethyl ethyl ester (13.3 g; 37.8 mmol) 
(prepared according to the procedure described in WO-A- 
95/32741: example 15) were dissolved in EtOAc (120 mL) . 
After addition of 2 M phosphate buffer pH 8 (120 mL) the 
mixture was vigorously stirred for 2 h, then the aqueous 
phase was replaced with fresh 2 M phosphate buffer pH 8 
(12 0 mL) and stirred for further 7 0 h. The mixture was 
warmed to 4 0°C for 12 h, cooled to room temperature, 
separated and the organic phase evaporated to give a 
residue which was dissolved in CH 2 Cl2 (150 mL) , washed 
with water (2 x 10 0 mL) , dried over Na2SC>4 and 
evaporated. The crude was purified by flash 
chromatography to give the desidered product (12.3 g; 
15.0 mmol) . 
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Yield: 52%. 



Elemental analysis 



C 



H 



N 



% calc . : 



65 . 90 



9.46 



5.12 



% found: 



65 . 99 



9.72 



5.03 



TLC: Stationary phase: silica gel plate 60F 254 Merck 



Detection: 1% KMn0 4 in 1 M NaOH 

The 1 H-NMR / 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

C) [3y?(S) , 5p, 12a] - 3- [ [4- [ [2- [Bis [2- ( 1 , 1 -dimethylethoxy) - 
2-oxoethyl] amino] ethyl] [2- (1, 1 -dimethylethoxy) -2- 
oxoethyl] amino] -5-methoxy-l , 5-dioxopentyl] amino] -12- 
hydroxycholan-24-oic acid methyl ester 

Tert-butyl bromoacetate (3.9 g; 20.1 mmol) was added 
dropwise to a solution of compound prepared at step B) 
(11.0 g; 13.4 mmol) and N, N-diisopropylethylamine (3.5 
mL; 20.1 mmol) in CH 3 CN. The mixture was stirred 24 h at 
room temperature and then more N, N-diisopropylethylamine 
(0.9 mL; 4.0 mmol) and tert-butyl bromoacetate (0.8 g; 
4.0 mmol) were added. The mixture was stirred for further 
7 0 h, separated and the organic phase evaporated to give 
a residue which was dissolved in CH2CI2 (150 mL) , washed 
with water (2 x 100 mL) , dried over Na 2 S0 4 and evaporated. 
The crude was purified by flash chromatography to give 
the desired product (10.7*g; 11.5 mmol). 
Yield: 85%. 



Eluent : 1 



1 = EtOAc/n-hexane 



R f = 0.40 
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Elemental analysis 



C 



H 



N 



% calc . : 



65.57 



9.39 



4 .50 



% found: 



66 .27 



9.62 



4 . 52 



TLC: Stationary phase: silica gel plate 60F 254 Merck 



Detection: 1% KMn0 4 in 1 M NaOH 

The 1 H-NMR / 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

D) [3(3 (S) , 5P, 12a] -3- [ [4- [ [2- [Bis (carboxymethyl ) amino] 
ethyl] (carboxymethyl) amino] -4-carboxy-l-oxobutyl] - 
amino] -12-hydroxycholan-24-oic acid 

A 2 M aq. solution of LiOH (12 0 mL) was added 
dropwise to a solution of compound prepared at step 
C)(9.2 g; 9.8 mmol) in 1,4-dioxane (120 mL) at room 
temperature. After 24 h the solution was concentrated 
(100 mL) and . added dropwise to 2 M aq. HC1 (135 mL) : 
final pH was 1.9. The precipitate was filtered, washed 
with H2O (5 x 5 0 mL) and vacuum dried to give the desired 
product (7.3 g; 9.6 mmol). 
Yield 98% m.p.: 163-168°C 
K.F. : 1.81% 

[ct] 20 D= + 29.03 (c 1, 1 M NaOH) 
HPLC assay : 100% (area %) 

Stationary phase: Zorbax Eclipse XDB-C8 3.5|um; 150 x 4.6 
mm column packed by Rockland Technologies Inc . ; 
Temperature : 4 0 0 C ; 
Mobile phase: gradient elution; 



Eluent : 1 



1 = EtOAc/n-hexane 



R f = 0.46 



A = 0.01 M KH 2 P0 4 , 0.01 M K 2 HP0 4 g 0.3 mM 
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Gradient 



EDTA in water; 
B = CH 3 CN 
min % A 

0 93 
5 93 
50 60 
1 mL min" 1 ; 
Detection (UV) : 200 nm; 
Elemental analysis C 
% calc . : 60.23 
% found: 58.60 



% B 
7 
7 
40 



Flow rate: 



CI 



<0.1 



H N Li 

8.06 5.69 
8.25 5.49 <0.1 
The 3-H-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

E) Manganese complex of [30 (S) , 5p, 12a] -3- [[4- [[2- 
[bis ( carboxyme thy 1) amino] ethyl] (carboxymethyl) amino] 
-4-carboxy-l-oxobutyl] amino] -12-hydroxycholan-24-oic 
acid salified with sodium (1:3) 

The compound prepared at step D) (5.3 g; 7.2 mmol) 
was suspended in H 2 0 (250 mL) and dissolved by addition 
of 1 M NaOH (36 mL) until pH was 6.5. A solution of 
MnCl 2 '4H 2 0 (1.4 g; 7.2 mmol) in H 2 0 (50 mL) was added 
maintaining pH 6.5 with 1 M NaOH (7.9 mL) . After 1 h at 
room temperature, the solution was desalted by 
nanof iltration, then evaporated to give the desired 
product . 

Yield: 98% m.p.: >300°C 
K.F. : 13.54% 

[a] 20 D= + 2 .63 (c 2, H 2 0) 
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CE assay : 100% (area %) 

Capillary: fused silica 0.72 m x 50 jam 

Voltage: 3 0 kV 

Buffer: 0.07 M borate, pH 9,3, 0.3 mM EDTA 

5 Temperature: 2 5 °C 

Stoptime: 2 0 min; 

Detection (UV) : 200 nm; 

Injection: hydrodynamic (50 mbar, 4 s) ; 

Sample concentration: 1 mg mL" 1 ; 
10 Instrumentation: Hewlett Packard 3D HPCE 

Preconditioning timetable: t (min) action 



15 





2 


flush 


with H2O 




2 


flush 


with 0.1 M NaOH 




1 


flush 


with H2O 




5 


flush 


with buffer 


Elemental 


analysis C 


H N 


Mn Na CI 


% calc . : 


51 . 87 


6.35 4.90 


6.41 8.05 


% found: 


45.50 


6.95 4.30 


5.28 6 . 86 <0 . 1 



The IR and MS spectra are consistent with the indicated 
20 structure. 

In the same way starting from compound B) in example 
2 the gadolinium complex of [30 (S) , 5(3] -3 - [ [4- [ [2- 
[ [bis (carboxymethyl) amino] ethyl] - (carboxymethyl ) amino] -4- 
carboxy-l-oxobutyl] amino] -12-oxocholan-24-oic acid was 
25 prepared. 
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EXAMPLE 15 

Manganese complex of [3a (S) , 5p, 12a] -3- [ [ [ [5- [ [2- 

[bis (carboxymethyl) amino] ethyl] (carboxymethyl ) amino] -5- 
carboxypentyl] amino] carbonyl] oxy] -12 ~hydroxycholan-2 4 -oic 
acid salified with sodium (1:3) 




A) N 2 - [2- [Bis [2- (1, 1-dimethylethoxy) -2-oxoethyl] - 

amino] ethyl] -N 2 - [2- (1, 1-dimethylethoxy) -2-oxoethyl] - 
N 6 - [ (phenyl me thoxy) carbonyl] -L- lysine methyl ester 
N- (2-Bromoethyl) -N- [2- (1 , 1-dimethylethoxy) -2- 
oxoethyl] glycine 1 , 1-dimethylethyl ester (25.6 g; 72.55 
mmol) (prepared according to the procedure described in 
WO-A-95/32741 : example 15) dissolved in CH 3 CN (25 mL) was 
added dropwise to a solution of N 6 - 

[ (phenylmethoxy) carbonyl] -L- lysine methyl ester 

hydrochloride (2 0 g; 6 0.46 mmol) and N,N- 

diisopropylethylamine (12.64 mL; 72.55 mmol) in CH 3 CN 
(250 mL) . The reaction mixture was stirred at room 
temperature. After 5 days more N,N-diisopropylethylamine 
(17.7 mL; 101.6 mmol) and tert-butyl bromoacetate (18.8 
g; 13.5 mL; 101.6 mmol) were added to the solution. After 
2 4 h the solvent was evaporated and the residue was 
treated with Et 2 0 (200 mL) . The mixture was filtered, the 
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solution washed with 0.1 M HC1 (2 x 100 mL) , dried over 
Na 2 S0 4 and evaporated under reduced pressure. The crude 
was purified by flash chromatography to give the desired 
product (13.03 g; 19.2 mmol) . 
Yield: 32%. 
K.F. : <0.1% 

[a] 20 D= - 22.47 (c 1.93, CHC1 3 ) 
Elemental analysis C H N 

% calc: 61.83 8.45 6.18 

% found: 61.70 8.52 5.84 

TLC: Stationary phase: silica gel plate 60F 254 Merck 
Eluent: 3:7= EtOAc/n-hexane R f = 0.40 

Detection: Ce(S0 4 ) 2/ 4 H 2 0 (0.18%) and (NH 4 ) 6 Mo 7 0 24 • 4 H 2 0 

(3 . 83%) in 10% H 2 S0 4 

The iH-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

B) (3a, 5p, 7a, 12a) -3- [ (Chlorocarbonyl) oxy] -12-hydroxy- 
cholan-24-oic acid methyl ester 

CAUTION: all th e operations must be performed under 

a well ventilated fume hood 

A 20% solution of phosgene in toluene (100 mL; 202.2 
mmol) was added dropwise to a solution of (3a, 5p, 7a, 12a) - 
3 , 12-dihydroxycholan-24-oic acid methyl ester (14.7 g; 36 
mmol) in anhydrous CH 2 C1 2 (350 mL) cooled to 0°C under 
nitrogen. The solution was stirred 3 h at room 
temperature then evaporated ( CAUTION ) to give the desired 
product (15.2 g; 32.4 mmol). 
Yield: 90%. 
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The 1 H-NMR / 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

C) [3a(S) / 5p / 12a] -3- [ [ [ [5- [ [2- [Bis [2- (1 , 1 -dimethyletho- 
xy) -2-oxoethyl] amino] ethyl] [2- (1 , 1-dimethylethoxy) - 
2-oxoethyl] amino] - 6 -methoxy- 6 - oxohexyl ] amino] carbo- 
nyl] oxy] - 12 -hydroxycholan-24 -oic acid methyl ester 
5% Pd/C (1.3 g) was added to a solution of compound 
prepared at step A) (12.3 g; 18.1 mmol) in MeOH (120 mL) 
and the suspension was stirred for 3 h under hydrogen 
atmosphere at room temperature. After filtration through 
a Millipore® filter (FT 0.45 jum) the solution was 
evaporated under reduced pressure. The crude was 
dissolved in anhydrous CH 2 C1 2 (2 0 mL) and added dropwise 
to a solution of compound prepared at step B) (8.7 g; 
18.54 mmol) and N,N-diis op r opy 1 e t hy 1 ami ne (DIEA) (6.5 mL; 
3 7.07 mmol) in anhydrous CH 2 C1 2 (200 mL) at 0°C and under 
nitrogen. After 3 h the reaction mixture was washed with 
H 2 0 (2 x 100 mL) , the organic phase was separated, dried 
over Na 2 S0 4 and evaporated under reduced pressure. The 
crude was purified by flash chromatography to give the 
desired product (8.6 g; 8.8 mmol). 
Yield: 49%. 
K.F. : <0.1% 

Elemental analysis c H N 

% calc. : 65.07 9.38 4.30 

% found: 65.67 9.52 4.24 

TLC: Stationary phase: silica gel plate 60F 254 Merck 

Eluent: 3:7= EtOAc/n-hexane R f = 0.30 
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Detection: Ce(S0 4 ) 2/ 4 H 2 0 (0.18%) and (NH 4 ) 6 Mo 7 0 24 ■ 4 H 2 0 
(3.83%) in 10% H 2 S0 4 . 

The Ih-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

D) [3a (S) ,5p,12a] -3- [ [ [ [5- [ [2- [Bis (carboxymethyl ) ami - 
no] ethyl] (carboxymethyl) amino] -5 -carboxypentyl] ami- 
no] carbonyl] oxy] - 12 -hydroxycholan-24 -oic acid 
2 M LiOH (133 mL; 266 mmol) was added to a solution 
of compound prepared at step C) (8.5 g; 10.64 mmol) in 
1,4-dioxane (130 mL) . The resulting solution was stirred 
at room temperature for 24 h and then neutralized to pH 7 
by addition of 2 N HC1 (12 0 mL) . The solution was 
concentrated by evaporation under reduced pressure to 
half volume and very slowly acidified to pH 1.5 under 
vigorous stirring to afford a white precipitate which was 
filtered, washed with H 2 0 (2 x 100 mL) and dried to give 
the desired product (6.45 g; 8.13 mmol). 
Yield: 76%. m.p.: 188. 9°C 

K.F. : 1.44% 

[ct] 20 D= + 35.47 (c 2.01, 1 M NaOH) 
HPLC assay: 96.8% (area %) 

Stationary phase: Zorbax Eclipse XDB-C8 3.5jam; 150 x 4.6 
mm column packed by Rockland Technologies Inc.; 
Temperature : 4 0 ° C ; 
Mobile phase: gradient elution; 

A = 0.017 M H 3 P0 4 in water; 

B = CH 3 CN 
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Gradient 



PCT/EP99/10002 



mm 
0 
25 
30 

Flow rate: 1 mL min**" 1 ; 
Detection (UV) : 210 nm; 
Elemental analysis C 
% calc . : 59.91 
% found: 5 8.44 



86 
% A 
65 
15 
15 



% B 
35 
85 
85 



CI 



<0.1 <0.1 



H N Li 

8.12 5.37 
8.04 5.03 

The 1 H-NMR / ^-3 C _ NMR/ IR and Ms spectra are cons i st ent 
with the indicated structure. 

E) Manganese complex of [3a (S) ,50, 12a] -3- [ [ [ [5- [ [2- 
[bis (carboxymethyl) amino] ethyl] (carboxymethyl ) amino] 
-5-carboxypentyl] amino] carbonyl] oxy] -12 - hydroxy - 
cholan-24-oic acid salified with sodium (1:3) 
The compound prepared at step D) (5 g; 6.3 mmol) was 
suspended in H 2 0 (50 mL) and dissolved by addition of 1 M 
NaOH (18 mL; 18 mmol). A 0.559 M aq. solution of MnCl 2 
(11.27 mL; 6.3 mmol) was added over 3 h maintaining pH 
6.5 by means of 1 M NaOH (7.8 mL) . The solution was 
adjusted to pH 6.8 with 1 M NaOH (0.9 mL; 0.9 mmol), 
filtered (HA 0.45 jam Millipore® membrane) and desalted by 
nanof iltration. The solution was evaporated and dried to 
give the desired product (5.45 g ; 6.05 mmol). 
Yield: 96% m.p. : >300°C 
K.F. : 3.78% 

[a] 20 D= +2.74 (c 2, H 2 0) 
CE assay : 100% (area %) 
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Capillary: fused silica 0.72 m x 50 jam 

Voltage: 3 0 kV 

Buffer: 0.0 7 M borate, pH 9,3, 0.3 mM EDTA 

Temperature: 2 5 °C 

5 Stoptime: 2 0 miri; 

Detection (UV) : 200 nm; 

Injection: hydrodynamic (50 mbar, 4 s) ; 

Sample concentration: 1 mg mL"" 1 ; 

Instrumentation: Hewlett Packard 3D HPCE 
10 Preconditioning timetable: t (min) action 







2 




flush 


with H 2 0 






2 




flush 


with 0.1 M NaOH 






1 




flush 


with H2O 






5 




flush 


with buffer 


15 


Elemental 


analysis C 


H 


N 


Mn Na CI 




% calc . : 


52.00 


6.49 


4 . 66 


6.10 7.66 




% found: 


49 . 54 


7.17 


4 .44 


5.65 7.58 <0.1 



The IR and MS spectra are consistent with the indicated 
structure . 

20 EXAMPLE 16 

Gadolinium complex of N 2 -bis [2 - [bis (carboxymethyl ) 

amino] ethyl] -N- [ (3(3, 50, 7a, 12a) -7, 12 -dihydroxy-24 -oxo-24 - 

[ (2-sulfoethyl) amino] cholan-3-yl] -L-glutamine salif ied 
with sodium (1:3) 



WO 00/38738 



88 



PCT/EP99/10002 




A) [3p(S) ,50,7a, 12a] -3- [ [4- [Bis [2- [bis [2- (1, 1-dime- 
thylethoxy) -2 -oxoethyl] amino] ethyl] amino] -5- (1,1- 
5 dimethylethoxy) -1, 5-dioxopentyl] amino] -7, 12-dihy- 

droxycholan-24-oic acid phenylmethyl ester 
N, N-Bis [2- [bis [2- ( 1 , 1 -dimethylethoxy) -2 -oxoethyl] - 
amino] ethyl] -L-glutamic acid 1- (1 , 1 -dimethyl ethyl) ester 
(Anelli, P. L . et al . Bioconjugate Chem. 1999, 10, 137) 
10 (37 g; 50 mmol) , (30, 50, 7a, 12a) -3-amino-7, 12- 

dihydroxycholan-24-oic acid phenylmethyl ester (Anelli, 
P. L . ; Lattuada, L. ; Uggeri , F. Synth. Commun. 1998, 28, 
109) (31 g; 55 mmol) and diethyl cyanophosphonate 
(commercial product) (9.6 g; 55 mmol; 9.2 mL) were 
15 dissolved in DMF (750 mL) . The resulting solution was 
cooled to 0°C and Et 3 N (7.3 mL) was added dropwise. After 
1 h at room temperature the solution was evaporated under 
reduced pressure, the residue was dissolved in EtOAc (300 
mL) , washed with a 5% aq. NaHC0 3 (2 x 200 mL) and then 
20 with brine (2 x 2 00 mL) . The organic phase was separated, 
dried over Na2S04 and then evaporated under reduced 
pressure. The crude was purified by flash chromatography 
to give the desired product (3 6 g; 2 9 mmol) . 
Yield 58%. 
25 K.F. : 0.98% 
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Elemental analysis C H N 

% calc. : 65.64 9.21 4.57 

% found: 66.31 9.20 4.51 

TLC: Stationary phase: silica gel plate 60F 254 Merck 

Eluent: 2:8= EtOAc/^-hexane R f = 0.3 

Detection: AcOH/conc. H 2 S0 4 /p-anisaldehyde = 100:2:1 

The Ih-NMR, 13 C-NMR, IR and MS spectra are consistent 

with the indicated structure. 

B) [3P(S) , 5P,7oc,12a] -3- [[4- [Bis [2- [bis [2- (1, 1 -dimethyl - 
ethoxy) - 2 -oxoethyl] amino] ethyl] amino] -5- (1,1-dime- 
thylethoxy) -1 , 5-dioxopentyl] amino] -7, 12 -dihydroxy- 
cholan-24-oic acid triethylammonium salt 
5% Pd/C (3.6 g) was added to a solution of compound 
prepared at step A) (3 6 g; 2 9.4 mmol) in EtOH (1.5 L) and 
the suspension was stirred for 3 h under hydrogen 
atmosphere at room temperature. After filtration (through 
a Millipore® filter FT 0.45 jam) the solution was 
evaporated under reduced pressure. The crude was purified 
by flash chromatography to give the desired product (22 
g; 18 mmol) . 

Yield 60 %. m.p.: 58°C' 

K.F. : 1.34% 

Elemental analysis C H N 

% calc. : 65.07 9.86 5.66 

% found: 64.34 10.07 5.48 

TLC: Stationary phase: silica gel plate 60F 254 Merck 

Eluent: 1 : 5 : 95 = Et 3 N/MeOH/CH 2 Cl 2 Rf= 0.33 

Detection: AcOH/conc. H 2 S0 4 /p-anisaldehyde = 100:2:1 
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The 1H-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

C) N 2 -Bis [2- [bis (carboxymethyl ) amino] ethyl] -N- 

[ (3P, 5P, 7a, 12a) -7 , 12 -dihydroxy-24 -oxo-24 - [ (2-sulfo- 
ethyl) amino] cholan-3-yl] -L-glutamine 

Et 3 N (1.2 g; 12 mmol; 1.7 mL) was added dropwise to 
a solution of compound B) (12.5 g; 11 mmol), (2- 
aminoethanesulf onic acid (commercial product) (1.5 g; 12 
mmol) and diethyl cyanophosphonate (commercial product) 
(2.1 g ; 12 mmol; 2 mL) in DMF (400 mL) at 0°C and under 
nitrogen. After 2 0 min the reaction mixture was allowed 
to rise to room temperature and stirred for 3 h. The 
solution was evaporated under reduced pressure, the 
residue was dissolved in dioxane (250 mL) and 0.5 M aq. 
H 2 S0 4 (2 50 mL; 12 5 mmol) was added dropwise. The 
resulting mixture was heated at 90 °C for 2 h. The pH of 
the solution was adjusted from 1.4 to 7 with 2 N NaOH and 
the solvent was evaporated under reduced pressure. The 
crude was purified by flash chromatography. The product 
was dissolved in H 2 0 (250 mL) and 2 N HC1 (12.5 mL) and 
desalted by elution through an Amberlite® XAD-16.00 resin 
column with a CH 3 CN/H 2 0 gradient to give the desired 
product (1.5 g; 1.6 mmol) . 
Yield 14%. m.p. : >200°C 

K.F. : 5.87% 

Elemental analysis c HNS 

% calc: 53.68 7.44 7.28 3.33 

% found: 50.34 7.71 6.64 2.99 
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The Ih-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

D) Gadolinium complex of N 2 -bis [2- [bis (carboxymethyl ) 
amino] ethyl] -N- [ (3p, 50, 7a, 12a) -7 , 12 - di hydroxy- 24 -oxo- 
24- [ (2-sulfoethyl) amino] cholan-3-yl] -L-glutamine 

salified with sodium (1:3) 

Product C) (880 mg ; 0.915 mmol) was dissolved in H 2 0 
(50 mL) and 1 N NaOH was added dropwise until pH 6.8 was 
reached. Gd 2 0 3 (165 mg ; 0.4 6 mmol) was added and the 
resulting suspension was heated at 50°C for 6 h. The 
reaction mixture was filtered through a Millipore® 
apparatus (HA 0.45 ^im filter) and the filtrate was loaded 
onto a Dowex® CCR 3 LB weak cation exchange resin column 
(Na+ form, 2 0 mL) . The eluate was evaporated under 
reduced pressure and dried to give the desired product 
(1.00 g; 0 . 75 mmol) . 
Yield 82%. m.p.: >250°C 

K.F. : 13.95% 

HPLC assay : 100% (area %) 

Stationary phase: Lichrospher 100 RP-8 5|um; 250 x 4 mm 
column packed by Merck KGaA; 
Temperature : 4 0 ° C ; 

Mobile phase: isocratic elution with premixed mobile 
phase: 1 g of n-octylamine is added to 300 mL of 
acetonitrile mixed with 700 mL of water. The solution is 
buffered to pH 6 with H3PO4; 
Flow rate: 1 mL min" 1 ; 
Detection (UV) : 200 nm; 
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Elemental analysis C H N S Gd Na 

% calc: 43.78 5.54 5.92 2.71 13.30 5.83 

% found: 36.82 6.04 5.11 2.18 10.64 5.35 

The 1R and MS spectra are consistent with the indicated 
structure . 

In the same way the gadolinium complex of N 2 -bis[2- 
[bis (carboxymethyl) amino] ethyl] -N- [ (3p, 50) -24-oxo-24- [ (2- 
sulfoethyl) amino] cholan-3-yl] -L-glutamine was prepared. 

EXAMPLE 17 

Gadolinium complex of [3a (S) , 5p] -3- [2- [ [5- [bis [2- 

[bis (carboxymethyl) amino] -ethyl] amino] -5-carboxypentyl] - 
amino] -2 -oxoethoxy] cholan-24 -oic acid salified with 
sodium (1:3) 




*ooc 




COO" 



3 Na + 



A) (3a, 50) -3- (Carboxymethoxy) cholan-24 -oic acid methyl 
ester 

Benzyl glycolate triflate (Williams, M. A. ; 
Rapoport, H. J. Org. Chem. 1994, 59, 3616) (16.8 g; 56.3 
mmoDwas added over a period of 15 min to a stirred 
solution of (3a, 50) -3 -hydroxycholan-24 -oic acid methyl 
ester (Dayal, B. et al . Steroids 1981, 37, 239) (20 g; 
51.2 mmol) and N,N-diisopropylethylamine (10 mL; 57.4 
mmol) in anhydrous CH 3 CN (4 0 0 mL) at -2 0°C. After 4 h at 
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-2 0°C the mixture was warmed to room temperature and 
stirred for additional 4 h. The solvent was evaporated 
and the residue partitioned between EtOAc (300 mL) and 
saturated NaHC0 3 (3 0 0 mL) . The organic phase was dried 
over Na 2 S0 4 and evaporated. The residue was dissolved in 
EtOH (200 mL) then 5 % Pd/C (3 g) was added and the 
mixture was stirred, at r.t., over 5 h under a hydrogen 
atmosphere. After filtration through a Millipore® filter 
FH (0.45 jam) the solution was evaporated and the residue 
purified by flash chromatography to give the desired 
product (14.2 g; 31.7 mmol) . 
Yield: 62% 
K.F. : <0.1 

Elemental analysis C H 

% calc. : 72 .28 9 . 89 

% found: 71.97 9.81 

The iH-NMR, 13 C-NMR, IR and MS spectra are consistent 
with the indicated structure. 

B) [3a (S) , 5p] -3- [2- [ [5- [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] - 5 - carboxypentyl ] amino] - 2 -oxoethoxy] cho- 
lan-24-oic acid 

N 2 ,N 2 -bis [2- [bis [2- (1 , 1-dimethylethoxy) -2-oxoethyl] - 
amino] ethyl] -L- lysine (1, 1-dimethylethyl) ester (Anelli, 
P. L. et al Bioconjugate Chem. 1999, 10, 137) (18.56 g; 
25 mmol), (18.6 g; 25 mmol), compound A) (11.2 g; 25 mmol) 
and diethyl cyanophosphonate (commercial product) (4.9 g; 
28 mmol) were dissolved in DMF (300 mL) . The resulting 
solution was cooled to 0°C and Et 3 N (4 mL) was added 
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dropwise. After 6 h at room temperature the solution was 
evaporated under reduced pressure, the residue was 
dissolved in EtOAc (250 mL) , washed with a 5% aq. NaHCO B 
(2 x 100 mL) and then with brine (2 x 100 mL) . The 
organic phase was separated, dried over Na 2 S0 4 and then 
evaporated under reduced pressure. The residue was 
dissolved in dioxane (300 mL) and 0.5 M aq. H 2 S0 4 (300 
mL; 150 mmol ) was added dropwise. The resulting mixture 
was heated at 90°C for 2 h. The pH of the solution was 
adjusted to 7 with 2 N NaOH and the solvent was 
evaporated under reduced pressure. The crude was purified 
by flash chromatography. The product was dissolved in H 2 0 
(300 mL) and 2 N HC1 (30 mL) and desalted by elution 
through an Amberlite® XAD-16. 00 resin column with a 
CH 3 CN/H 2 0 gradient to give the desired product (9.03 g; 
10.25 mmol) . 
Yield 41%. 
K.F. : 2 . 78% 

Elemental analysis C H N 

% calc. : 59.98 8.24 6.36 

% found: 58.11 8.28 6.14 

The iH-NMR, 13 C-NMR, IR and MS spectra are consistent 

with the indicated structure. 

C) Gadolinium complex of [3a (S) ,5(3] -3- [2- [ [5- [bis [2- 
[bis (carboxymethyl) amino] -ethyl] amino] -5-carboxypen- 
tyl] amino] -2 -oxoethoxy] cholan-24 -oic acid salified 
with sodium (1:3) 

Product B) (5 g; 5.67 mmol) was dissolved in H 2 0 
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(200 mL) by addition of 1 N NaOH until pH 6.8 was 
reached. Gd 2 0 3 (1.03 g; 2.84 mmol) was added and the 
resulting suspension was heated at 50 °C for 8 h. The 
reaction mixture was filtered through a Millipore® 
5 apparatus (HA 0.45 urn filter) and the filtrate was 
evaporated under reduced pressure and dried to give the 
desired product (5.74 g; 5.21 mmol). 
Yield 92%. m.p.: >250°C 

K.F. : 5.81% 

10 Elemental analysis C H N Gd Na 

% calc: 47.99 6.04 5.09 14.28 6.26 

% found: 45.09 6.15 4.77 13.39 5.81 

The IR and MS spectra are consistent with the indicated 
structure . 

In the same way, starting from compound A) of 
example 15, the gadolinium complex of [3<x (S) , 5P] -3- [2- 
[ [5- [ [2- [bis (carboxymethyl) amino] ethyl] (carboxymethyl ) - 
amino] -5-carboxypentyl] amino] -2 -oxoethoxy] cholan-24 -oic 
acid was prepared. 

In the same way, starting from compound A) of 
example 15 and (3p, 5p, 7a, 12a) -3- [ (3 -carboxy-1- 

oxopropyl) amino] -7 , 12 -dihydroxycholan-24 -oic acid methyl 
ester (prepared according to the procedure described in 
WO-A-95/32741 : example 12), the gadolinium complex of 
25 [3p(S) ,5p,7a,12a] -3- [ [4- [ [5- [ [2- [bis (carboxymethyl) - 

amino] ethyl] (carboxymethyl) amino] -5-carboxypentyl] amino] - 
1, 4-dioxobutyl] amino] -7, 12 -dihydroxycholan-24 -oic acid 
was prepared. 
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EXAMPLE 18 

Measurements of the relaxation rate (Al/T^) 
The effectiveness of the compounds of the invention 
as blood pool agents was evaluated by plotting the 
progress of the longitudinal relaxation rate l/T 1 versus 
the time elapsed after the administration. The proton 
relaxation rate 1/T ± of blood samples, collected at 
predetermined times, was measured at 39°C by means of a 
Brucker Minispec PC12 0 instrumentation using "inversion 
recovery" three parameter sequences. 

The compound prepared in Example 1, gadolinium 
complex of [30 (S) , 5p] -3- [ [4- [bis [2- [bis ( carboxymethyl ) ami - 
no] ethyl] amino] - 4 - carboxy - 1 - oxobutyl ] amino] cholan-24 -oic 
acid salif ied with 1-deoxy-l- (methylamino) -D-glucitol 
(1:3), was administered to a rabbit at a dose of 0.1 
mmol/kg. The diagram (fig. 1) represents the profile of 
the relaxation rate. 

The compound prepared in Example 9 of patent 
application WO 95/32741, gadolinium complex of 
(3P, 5P, 7a, 12a) -3- [ [N- [N- [2- [ [2- [bis (carboxymethyl) -ami- 
no] ethyl] (carboxymethyl) amino] ethyl] -N- (carboxymethyl) - 
glycyl] glycyl] amino] -7, 12 -dihydroxy-cholan-24 -oic acid 
salif ied with 1-deoxy-l- (methylamino) -D-glucitol (1:2) , 
was administered to a rabbit at a dose of 0.1 mmol/kg. 
The diagram (fig. 2) represents the profile of the 
relaxation rate. 

The compound prepared in Example 15 of patent 
application WO 95/32741, gadolinium complex of 
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[30 (S) , 5p, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) ami- 
no] ethyl] amino] -4 -carboxy- 1 -oxobutyl ] amino] -7, 12-dihydro- 
xycholan-24-oic acid salified with 1-deoxy-l- 

(methylamino) -D-glucitol (1:3), was administered to the 
rabbit at a dose of 0.1 mmol/kg. The diagram (fig. 3) 
represents the profile of the relaxation rate. 

The compound prepared in Example 4, gadolinium 
complex of [ [30 (S) , 5p, 12a] -3- [ [4- [bis [2- [bis (carboxy- 
methyl) amino] ethyl] amino] -4 -carboxy- 1- oxobutyl] amino] -12- 
hydroxycholan-2 4-oic acid salified with 1-deoxy-l- 
(methylamino) -D-glucitol (1:3), was administered to the 
monkey at a dose of 0.05 mmol/kg. The diagram (fig. 4) is 
the profile of the relaxation rate. 

EXAMPLE 19 

0.3 M Pharmaceutical formulation of the gadolinium 
complex with [3p (S) , 50, 12a] -3- [ [4- [bis [2- [bis (carboxy- 
methyl ) amino] ethyl] amino] -4 - carboxy- 1 -oxobutyl] amino] -12- 
hydroxycholan-24-oic acid salified with 1-deoxy-l- 

(methylamino) -D-glucitol (1:3) 

31.775 kg of the gadolinium complex of 

[3p (S) , 5P, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4 -carboxy- 1 -oxobutyl] ammino] - 12 -hydroxy c ho - 
lan-24-oic acid salified with 1-deoxy-l- (methylamino) -D- 
glucitol (1:3) (prepared as exemplified in Example 4) and 
100 g of trometamol hydrochloride are dissolved in 100 L 
of sterile water at room temperature in a pharmaceutical 
stainless steel reactor. After dissolution, the pH of the 
solution is adjusted to 7.4 by addition of l m 
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trometamol . The solution is sterile filtered through 
filters of 0.22 mm diameter and distributed in 20 mL 
vials, which are closed with halobutyl plugs, sealed with 
aluminium ring and vapour sterilized at Fo = 18. HPLC 
shows a 0.294 M titre. 

EXAMPLE 2 0 

Pre- filled plastic syringes containing the 
formulation of Example 19 

2 0 mL Portions of the solution prepared in Example 
19 are placed in a CZ plastic syringe with the tip closed 
by a cap. The piston is inserted under vacuum and the 
pre-filled syringe is sterilized in autoclave to a value 
of Fo = 18. 
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CLAIMS 



1. The use of the chelated complexes of bi-trivalent 
paramagnetic metal ions selected from the group 
consisting of Fe< 2 + ), Fe< 3 + ), Cu( 2 + ), Cr< 3 + ), Gd< 3 + ), 
EuO + ) # 07(3 + ), Yb(3 + ) or Mn(2 + ) w i t h the compounds of 
formula (I) , as well as the salts thereof with 
physiologically compatible organic bases selected from 
primary, secondary, tertiary amines or basic amino acids, 
or with inorganic bases whose cations are sodium, 
potassium, magnesium, calcium or mixtures thereof: 



X-L-Y (I), 

wherein : 

X is the residue of a polyaminocarboxylic ligand or 
derivatives thereof, selected from the group 
consisting of: ethylenediaminotetraacet ic acid 
(EDTA) , diethylenetriaminopentaacetic acid (DTPA) , 
1,4,7, 10-tetraazacyclododecane-l, 4, 7, 10 -tetraacetic 
acid (DOTA) , 1,4,7, 10 - tetraazacyclododecane- 1 , 4,7- 
triacetic acid (D03A) , [10- (2 -hydroxypropyl ) - 

1,4,7, lO-tetraazacyclododecane-1,4, 7-triacetic acid 
(HPD03A) , 4-carboxy-5, 8, ll-tris (carboxymethyl ) -1- 

phenyl-2-oxa-5, 8 , ll-triazatridecan-13-oic acid 
(BOPTA) ; 

r is the derivative of a bile acid selected from the 
group consisting of residues of cholic, 
chenodeoxychol i c , deoxychol ic , ur sodeoxychol i c , 
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both as such and f unct ionali zed at the positions 
having the hydroxy group as the reactive group, 
independently of the stereochemistry of the final 
products, 

said derivative also comprising the conjugate of the 
acid group at the 24 position with taurine and 
glycine; 

is a chain linked to any position of X, optionally 
comprising one of the carboxylic groups which is 
thus transformed into an amide group, and to the C- 
3, C-7, C-12 positions of Y, having the following 
formula (II) 

(ii), 

m 
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in which 

m is an integer ranging from 1 to 10, wherein for 

values above 1, A can have different meanings, 
A has the following formula (III) , 




n and q can be 0 or 1 , but they are not at the same 

time zero, 
p can range from 0 to 10, 

Z is an oxygen atom or a -NR group, 

in which 

R is a hydrogen atom, or a (C^-Cs) alkyl group 

unsubstituted or substituted by a -COOH group; 
for the preparation of diagnostic formulations for 
obtaining images of the blood system of the human and 
animal body, by means of nuclear magnetic resonance. 

2. The use of the compounds as claimed in claim 1, in 
which the complexes are formed with Gadolinium or 
Manganese ions . 

3. The use of the compounds of formula (I) as claimed 
in claim 1, in which the spacing chains L have the 
formulae (Ilia) and (Illb) . 
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COOH 



H 



r— —} 0-5 




(IHa), 




(Hlb), 



m 



O 



4. The use of the compounds of formula (I), according 
to claims 1-3, in which Z is an oxygen atom and L is 
thereby formed through the hydroxy groups present at the 



of the final products. 

5. The use of the compounds of formula (I), as claimed 
in claim 3, in which the residue X is selected from the 
group consisting of: EDTA, DTPA ,D0TA, D03A, BOPTA; L is 
selected from the group consisting of (Ilia) , (Illb) ; and 
Y is selected from the group consisting of residues of 
cholic, deoxycholic, chenodeoxycholic , lithocholic acids, 
as they are or in which one or more hydroxy groups have 
been transformed into keto groups, linked to L by an 
amino group at the 3- position, the acid group at the 24 
position being present as it is or as its taurine or 
glycine derivative; the complexes of said compounds are 
formed with the gadolinium or manganese ions and the 
cations of organic bases suitable to the neutralization 
are selected from the group consisting of ethanolamine , 
diethanolamine , morpholine , glucamine , N-methylglucamine , 
N,N-dimethylglucamine or the cations of inorganic bases 



3, 7, 12 positions, independently of the stereochemistry 



SUBSTITUTE SHEET (RULE 26) 



WO 00/38738 PCT/EP99/10002 

103 

are selected from the group consisting of sodium, 
potassium, magnesium, calcium or mixtures thereof. 
6. The use of the compounds of general formula (IV), as 
claimed in claim 5, in which in formula (I) the residue X 
is DTPA substituted on the central chain and in which R x 
is a hydrogen atom or the -COOH group, 

HOOC— \ /—COOH 

N N 
HOOC—/ ^ f V_ COOH 



(IV), 



IN 

X 



L-Y 



Y is selected from the group consisting of cholic, 
deoxycholic, chenodeoxycholic , lithocholic residues and L 
has the structure of formula (III) . 

7. The use of the compounds of general formula (IVa), 
as claimed in claim 6, in which R]_ 

HOOC — \ j — COOH 

N N 
HOOC—/ > f V_ cooh 

J (IVa), 

. N 

HOOC^L-Y 

is the -COOH group and Y has the meanings defined above 
for the compounds of general formula (IV) and L has the 
structures (Ilia) and (Illb) . 

8. The use of the compounds of general formula (IVa), 
as claimed in claim 7, selected from the group consisting 
of: 

[3(3 (S) , 5p] - 3- [ [4- [bis [2- [bis (carboxymethyl ) amino] ethyl] - 
amino] -4 -carboxy-l-oxo-butyl] (carboxymethyl) -amino] - 
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cholan-24-oic acid; 

[30 (S) , 50] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] ethyl] - 
amino] - 4 - carboxy - 1 - oxobutyl ] amino] cholan-24 -oic acid; 

[30 (S) , 5(3] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] ethyl] - 
amino] -4 -carboxy-1 -oxobutyl] amino] - 12 -oxocholan-24 -oic 
acid; 

[30 (S) , 50, 7a] -3- [ [4- [bis [2- [bis (carboxymethyl) amino] - 
ethyl] amino] -4 -carboxy-1 -oxobutyl] amino] -7-hydroxycholan- 
24-oic acid; 

N 2 -bis [2- [bis (carboxymethyl) amino] ethyl] -N- [ (3 0, 50) -24- 
oxo-24- [ (2-sulfoethyl) amino] cholan-3-yl] -L-glutamine; 
N 2 -bis [2- [bis (carboxymethyl) amino] ethyl] -N- [ (30, 50, - 
7a, 12a) -7, 12 -dihydroxy-24 -oxo-24 - [ (2 - sulf oethyl ) amino] - 
cholan-3-yl] -L-glutamine; 

[30 (S) , 50, 70] -3- [ [4- [bis [2- [bis ( carboxymethyl ) amino] - 
ethyl] amino] -4 -carboxy-1 -oxobutyl] amino] -7-hydroxycholan- 
24-oic acid; 

[30 (R) , 50, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4 -carboxy-1 -oxobutyl] amino] - 12 -hydroxy cho- 
lan-24-oic acid; 

[30 (RS) , 50, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4 -carboxy-1 -oxobutyl] amino] - 12 -hydroxy c ho - 
lan-24-oic acid; 

[30 (RS) ,50, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) - 
amino] ethyl] amino] -4 -carboxy-1 -oxobutyl] amino] -7,12- 
dihydroxycholan-24 -oic acid; 

[30 (RS) , 50, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) - 
amino] ethyl] amino] -4 -carboxy- 1 -oxobutyl] amino] -7, 12- 
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d i hydroxy cho lan-24-oic acid; 

[3p (RS) , 5p, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) - 
amino] ethyl] amino] -4-carboxy-l-oxobutyl] amino] -7, 12- 
dihydroxychol an -24-oic acid; 

[3a (S) , 5P, 7a, 12a] -3- [ [ [ [5- [bis [2- [bis (carboxymethyl) - 
amino] ethyl] amino] -5-carboxypentyl] amino] carbonyl] oxy] - 
7, 12-dihydroxycholan-24-oic acid 

[3a (S) , 5p] -3- [2- [ [5- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -5-carboxypentyl] amino] - 2 -oxoethoxy] cholan- 
24-oic acid; 

[3p (S) , 5P, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) ami - 
no] ethyl] amino] -4 -carboxy- 1 -oxobutyl ] amino] - 7 , 12 -dihydro- 
xycholan- 24-oic acid; 

[3p (S) , 5P, 7a, 12a] -3- [ [4- [ [5- [bis [2- [bis (carboxymethyl) - 
amino] ethyl] amino] -5-carboxypentyl] amino] -1 , 4-dioxobu- 
tyl] amino] -7 , 12-dihydroxycholan-24-oic acid. 
9. The use of the compounds of general formula (IVb), 
as claimed in claim 6, 



in which Y has the meanings defined above for compounds 
of general formula (IV) and L has the structure (Ilia) . 
10. The use of the compounds of general formula (IVb), 




(IVb), 



as claimed in claim 9, selected from the group consisting 



Of : 
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(3p, 50, 7a, 12a) -3- [ [ [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] acetyl] amino] -7 , 12 -dihydroxycholan-24 -oic 
acid; 

(3P, 5P) -3- [ [ [ [ [bis [2- [bis (carboxymethyl ) amino] ethyl] - 
amino] acetyl] amino] acetyl] amino] cholan-24 -oic acid; 

(3p, 5p, 7a, 12a) -3- [ [ [ [ [bis [2- [bis ( carboxymethyl ) amino] - 
ethyl] amino] -acetyl] amino] acetyl] amino] - 7, 12 -dihydro- 
xycholan-24 -oic acid; 

(3p, 5(3, 7a, 12a) -3- [ [6- [ [ [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -acetyl] amino] -1-oxohexyl] amino] -7, 12 -dihy- 
droxycholan-24 -oic . 

11. The use of the compounds of general formula (V), as 
claimed in claim 5, in which in general formula (I) the 
residue X is DTPA, Y has the meanings defined above for 
the compounds of general formula (IV) and L has the 
structure of formula (Ilia) . 

^.COOH 

HOOC^N'^^ N "^^ Vv N'^" L ~ Y (V), 

J L 
HOOC ^COOH 



12. The use of the compounds of general formula (V), as 
claimed in claim 11, selected from the group consisting 
of: 

(3P, 5P, 7a, 12a) -3- [ [N- [N- [2- [ [2- [bis (carboxymethyl ) amino] - 
ethyl] (carboxymethyl) amino] ethyl] -N- (carboxymethyl ) gly- 
cyl] glycyl] amino] -7, 12 -dihydroxycholan-24 -oic acid; 
18- [ [ (3p, 5P, 7a, 12a) -23 -carboxy-7 , 12 -hydroxy- 24 -norcholan- 
3-yl] amino] -3,6, 9-tris (carboxymethyl) -11, 18-dioxo- 
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3,6,9, 12 - tetraazaoctadecanoic acid. 

13. The use of the compounds of general formula (VI), as 
claimed in claim 5, in which in the general formula the 
residue X is D03A, Y has the meanings defined above for 
the compounds of general formula (IV) and L is selected 
from the structures (Ilia) and (Illb) . 



HOOC^/^^COOH 



14 . The use of 10- [3- [ [ (3a, 50, 7a, 12a) -23 - carboxy- 7 , 12 - 
dihydroxy-2 4-norcholan-3-yl] oxy] -2 -hydroxypropyl] - 
1,4,7, 1 0 - tetraazacyclododecane - 1 , 4 , 7-triacetic acid as 
claimed in claim 11. 

15. The use of the compounds of general formula (VII) as 
claimed in claim 5, in which in general formula (I) the 
residue X is EDTA, 



HOOC 



r 



COOH 



HOOC-"^ KT ^\^ N ^ L _ Y (VII), 



Y has the meanings defined above for the compounds of 
general formula (IV) and L has the structure of formula 
(III) . 

16. The use of the compounds of general formula (VII) as 
claimed in claim 11, selected from the group consisting 
of : 
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[3a (S) , 5p, 12a] -3-[[[[5-[[2- [bis (carboxymethyl ) amino] - 
ethyl] (carboxymethyl) amino] -5-carboxypentyl] amino] carbo- 
nyl]oxy] -12-hydroxycholan-24-oic acid; 

[3p (S) , 5P, 7a, 12a] -3-[[4-[[5-[[2- [bis (carboxymethyl) ami- 
no] ethyl] (carboxymethyl ) amino] -5-carboxy-pentyl] amino] - 

1, 4 -dioxobutyl] amino] -7, 12 -di-hydroxycholan-24 -oic acid; 

[3p (S) , 5P] -3- [2- [ [5- [ [2- [bis ( carboxymethyl ) amino] ethyl] - 

(carboxymethyl) amino] - 5 -carboxypentyl] amino] -2-oxoetho- 
xy] cholan-24 -oic acid; 

[3P (S) , 5P, 12a] -3- [ [4- [ [2- [ [bis (carboxymethyl ) amino] - 
ethyl] (carboxymethyl) amino] -4 -carboxy- 1 -oxobutyl] amino] - 
12 -hydroxycholan-24 -oic acid; 

[3p (S) , 5P] -3- [ [4- [ [2- [ [bis (carboxymethyl) amino] ethyl] - 
(carboxymethyl) amino] -4- carboxy- 1- oxobutyl] amino] -12- 
oxocholan-24 -oic acid . 

17. The use of the compounds according to claims 1 to 
16, in which the chelated complex salts are formed with 
sodium and N-methylglucamine . 

18. Compounds of general formula (IVa) 

HOOC — \ /— COOH 

N N 
HOOC—^ 1 \ ^— COOH 



N 

HOOC^L-Y 



(IVa), 



in which 

Y is selected from the group consisting of cholic, 
deoxycholic, chenodeoxycholic, lithocholic residues, as 
they are or in which one or more hydroxy groups have been 
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transformed into keto groups, linked to L by an amino 
group at the 3- position and the acid group at the 24- 
position is present as such or as its taurine or glycine 
derivative; the complexes of said compounds being formed 
with gadolinium or manganese ions and the cations of 
bases suitable to the neutralization are selected from 
the group consisting of: ethanolamine , diethanolamine , 
morpholine, glucamine, N-methylglucamine , N,N- 

dimethylglucamine or from the group consisting of 
inorganic bases whose cations are sodium, potassium, 
magnesium and calcium, and 

L has the structures of formulae (Ilia) and (Illb) 




in which m is an integer ranging from 1 to 10, 

with the exception of [3P (S) , 5p, 7a, 12a] -3- [ [4- [bis [2- 

[bis (carboxymethyl) amino] ethyl] amino] - 4 - carboxy - 1 - oxobu - 
tyl] amino] - 7 , 12 -dihydroxycholan-24 -oic acid and 

[3JS(S) , 515 f 7a, 12a] -3- [ [4- [ [5- [bis [2- [bis (carboxymethyl) - 
amino] ethyl] amino] -5-carboxypentyl] amino] - 1 , 4 -dioxobu- 
tyl] amino] -7, 12 -dihydroxycholan-24 -oic acid. 

19. Compounds as claimed in claim 18, selected from the 
group consisting of: 
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[3P (S) , 5P] -3- [ [4- [bis [2- [bis ( carboxymethyl ) amino] ethyl] - 
amino] - 4 - carboxy- 1 - oxo - butyl ] (carboxymethyl) -amino] cho- 
lan-24-oic acid; 

[30 (S) , 5P] -3- [ [4- [bis [2- [bis (carboxymethyl) amino] ethyl] - 
amino] - 4 - carboxy- 1 - oxobuty 1 ] amino] cholan-2 4 -oic acid; 

[3p (S) , 5P] -3- [ [4- [bis [2- [bis (carboxymethyl) amino] ethyl] - 
amino] -4 -carboxy- 1-oxobutyl] amino] - 12 -oxocholan-24 -oic 
acid; 

[3P (S) , 5P, 7a] -3- [ [4- [bis [2- [bis ( carboxymethyl ) amino] - 
ethyl] amino] -4 -carboxy- 1 -oxobutyl ] amino] - 7 -hydroxy cho lan - 
24-oic acid; 

N 2 -bis [2- [bis (carboxymethyl) amino] ethyl] -N- [ (3p, 5p) -24- 
oxo-24- [ (2-sulfoethyl) amino] cholan-3-yl] -L-glutamine; 
N 2 -bis [2- [bis (carboxymethyl) amino] ethyl] -N- [ (3p, 5P, - 
7a, 12a) -7, 12 -dihydroxy-24 -oxo-24 - [ (2 - sul f oethyl ) amino] 
cholan-3-yl] -L-glutamine; 

[3P(S) ,5P,7P] -3- [ [4- [bis [2- [bis ( carboxymethyl ) amino] - 
ethyl] amino] -4 -carboxy- 1 -oxobutyl] amino] - 7 -hydroxy cho lan - 
24-oic acid; 

[3p (R) , 5p, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4- carboxy- 1 -oxobutyl] amino] - 12 -hydroxy cho - 
lan-24-oic acid; 

[3P (RS) , 5p, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -4 - carboxy- 1 -oxobutyl] amino] - 12 -hydroxy cho - 
lan-24-oic acid; 

[3p (RS) , 5p, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) ami - 
no] ethyl] amino] -4 -carboxy- 1 -oxobutyl] amino] - 7, 12-dihydro- 
xycholan-24 -oic acid; 
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[3P (RS) , 5p, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) ami- 
no] ethyl] amino] - 4 - carboxy - 1 - oxobutyl ] amino] -7 , 12 -dihydro- 
xycholan-24 -oic acid; 

[3P (RS) , 5p, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl) ami- 
no] ethyl] amino] -4 -carboxy-1- oxobutyl] amino] -7, 12-dihydro- 
xycholan-24 -oic acid; 

[3a (S) , 5P, 7a, 12a] -3- [ [ [ [5- [bis [2- [bis (carboxymethyl ) ami- 
no] ethyl] amino] -5-carboxypentyl] amino] carbonyl] oxy] -7, 12- 
dihydroxycholan-24 -oic acid 

[3a (S) , 5P] -3- [2- [ [5- [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] -5-carboxypentyl] amino] -2 -oxoethoxy] cholan- 
24-oic acid; 

20. Compounds of general formula (IVb) 

HOOC — ^ / — COOH 

N N 
HOOC—/ > f ^ COOH 



N 

S L-Y 



(IVb), 



IN 

L 



in which: 

Y is as defined in claim 18 and L has the structure 
(Ilia), as defined in claim 18, with the exception of 
(3P, 5P, 7a, 12a) -3 - [ [ [ [ [bis [2- [bis ( carboxymethyl ) amino] - 

ethyl] amino] acetyl] amino] acetyl] amino] -7, 12 -dihydroxy- 

cholan-24-oic acid; and of (30, 50, 7a, 12a) -3- [ [6- [ [ [bis [2- 
[bis (carboxymethyl) amino] ethyl] amino] -acetyl] amino] -1- 

oxohexyl] amino] - 7 , 12 -diidroxycholan- 24 -oic acid. 

21. Compounds as claimed in claim 20, selected from the 

group consisting of: 
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(3P, 50, 7a, 12a) -3- [ [ [bis [2- [bis (carboxymethyl ) amino] - 
ethyl] amino] acetyl] amino] -7, 12 -dihydroxycholan-24 -oic 
acid; 

(3p, 50) -3- [ [ [ [ [bis [2- [bis (carboxymethyl) amino] ethyl] - 
amino] acetyl] amino] acetyl] amino] cholan-24 -oic acid. 
22. Compounds of general formula (VII) 

^COOH 

HOOC^ N /\^ N ^ L _ y (VII), 
HOOC"^ 



in which Y is as defined in claim 18 and L has the 
structure (III) as defined in claim 1. 

23. Compounds as claimed in claim 22, selected from the 
group consisting of: 

[3a (S) ,5p, 12a] -3- [ [ [ [5- [ [2- [bis (carboxymethyl ) amino] - 
ethyl] (carboxymethyl) amino] -5-carboxypentyl] amino] carbo- 
nyl]oxy] - 12 -hydroxycholan-24 -oic acid; 

[3p (S) , 5P, 7a, 12a] -3- [ [4- [ [5- [ [2- [bis ( carboxymethyl ) ami - 
no] ethyl] ( carboxymethyl ) amino] -5-carboxypentyl] amino] - 
1,4-dioxobutyl] amino] - 7 , 12 -diiidroxycholan- 24 -oic acid; 

[3P(S) ,5p] -3- [2- [ [5- [ [2- [bis (carboxymethyl) amino] - 
ethyl] (carboxymethyl) amino] -5-carboxypentyl] amino] -2- 
oxoethoxy] cholan-24 -oic acid; 

[3p (S) , 5P, 12a] -3- [ [4- [ [2- [ [bis ( carboxymethyl ) amino] - 
ethyl] (carboxymethyl) amino] -4 ~carboxy-l-oxobutyl] amino] - 
12 -hydroxycholan-24-oic acid; 

[3P (S) , 5p] -3- [ [4- [ [2- [ [bis (carboxymethyl) amino] ethyl] - 
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( carboxymethyl ) amino] -4 -carboxy- 1 -oxobutyl ] amino] -12- 
oxocholan-24-oic acid . 

24. Contrastographic diagnostic pharmaceutical 
composition, comprising at least one of the chelated 
complexes according to claims 17 to 23 or a salt thereof 
according to claims 1 and 4 . 

25. Pharmaceutical composition as claimed in claim 24, 
comprising an addition of no more than 5% by mols of the 
chelated complex salified with calcium or magnesium 
and/or a physiologically acceptable buffer selected from 
trometamol and glycylglycine . 

26. A process for the preparation of glutamic acid y- 
amides, according to the following Scheme: 



■ u 



\_/ R3 

protection ) ( transamidation ^ ft 

o^ XT X_ > R 5 ooc. 



N "COOH w N ^COOR 5 3 Y J N— R 

H R 4 NH 2 R NHR^ H 




in which 

R4 is an amino-protecting group; 

R5 is a straight or branched C^-Ciq alkyl or 

aryl, 

R 2 and R 3 are independently a hydrogen atom, 

straight or branched, £±-^20 alkyl, 
unsubstituted or substituted by aryl 
groups, or said groups form a C3-C 10 cycle. 
27. A process as claimed in claim 26, for the 
preparation of compounds of formula (I) , glutamic acid y- 
amides with 3 -amino derivatives of the residues Y, as 
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claimed in claim 1. 

28. A process as claimed in claim 27, for the 
preparation of the compounds: 

[3(3 (S) , 5P, 7a, 12a] -3- [ [4- [bis [2- [bis (carboxymethyl ) amino] 
ethyl] amino] -4-carboxy-l-oxobutyl] amino] -12- 
hydroxycholan-24-oic acid and [3p (S) , 5p, la, 12a] -3- [ [4- 

[bis [2- [bis (carboxymethyl) amino] ethyl] amino] -4-carboxy-l- 
oxobutyl ] amino] -7, 12-dihydroxycholan-24-oic acid. 
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FIGURE 2 
Rabbit plasma 
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FIGURE 3 
Rabbit Plasma 
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FIGURE 4 
Monkey Plasma 



m 

rH 
<D 

s 

CQ 
rH 

0< 




10 



20 



30 



40 



t (min.) 



SUBSTITUTE SHEET (RULE 26)- 



irN i H-Kix A 1 1<JIN ALi olLAKCH REPORT 


Inter, jnal Application No 

PCT/EP 99/10002 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61K49/00 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 95 32741 A (BRACCO SPA ;DIBRA SPA (IT); 


1-28 




ANELLI PIER LUCIO (IT); HAEN CHRISTOPH) 






7 December 1995 (1995-12-07) 




Y 


claims; examples 


1-28 


X 


EP 0 279 307 A (ABBOTT LAB) 


1-28 




24 August 1988 (1988-08-24) 




page 8 -page 12 






page 14, line 14 




X 


EP 0 417 725 A (H0ECHST AG) 


1 




20 March 1991 (1991-03-20) 




Y 


claims 


1-28 


X 


WO 95 19186 A (MATTHEWS DEREK PETER 


1-28 




;KLAVENESS JO (NO); RISE FRODE (NO); AASEN 






AR) 20 July 1995 (1995-07-20) 






page 8, paragraph 4 -page 9, line 2 






-/-- 





Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&' document member of the same patent family 



Date of the actual completion of the international search 

18 May 2000 


Date of mailing of the international search report j 

19/06/2000 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31 -70) 340-30 1 6 


Authorized officer 

Berte, M 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interi jnal Application No 

PCT/EP 99/10002 



C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



BETEBENNER, DAVID A. ET AL: 
"Hepatobiliary delivery of 
polyami nopol ycarboxyl ate chel ates : 
synthesis and characterization of a cholic 
acid conjugate of EDTA and biodi stribution 
and imaging studies with its indium-Ill 
chelate" 

BIOCONJUGATE CHEM. (1991), 2(2), 117-23 , 

XP002137988 

page 119; figures 



1-28 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 



Information on patent family members 


Inten ,nai Application No 

PCT/EP 99/10002 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


WO 9532741 A 


07-12-1995 


IT 1269839 B 


15-04-1997 



AU 2566495 A 21-12-1995 

DE 69514350 D 10-02-2000 

EP 0760683 A 12-03-1997 

JP 10501528 T 10-02-1998 

NO 964967 A 23-01-1997 

US 5649537 A 22-07-1997 



EP 0279307 



24-08-1988 



EP 0417725 



20-03-1991 



1 1 c 

us 


5057302 


A 


■i r* i ft *i ftfti 

15-10-1991 


A T 

AT 


94866 


T 


i r* ift i ftftft 

15-10-1993 


A 1 1 

AU 


605241 


B 


10-01-1991 


A f 1 

AU 


i i c ft r* ft ft 

1168588 


A 


18-08-1988 


DE 


ft ft ft A ft ft ft 

3884233 


D 


28-10-1993 


DE 


ft ft ft A ft ft ft 

3884233 


T 


03-03-1994 


ES 


2059411 


T 


16-11-1994 


JP 


^ ft ft ft ft ft r~ /i 

63290854 


A 


28-11-1988 


US 


5227474 


A 


13-07-1993 


DE 


ft ft ft ft £ ft r 

3930696 


A 


28-03-1991 


A T 

AT 


152H7 


T 


15-05-1997 


A 1 1 

AU 


/« *n — r ft ft 
637822 


B 


10-06-1993 


A 1 1 

AU 


ft A A 1 ft ft 

6244190 


A 


21-03-1991 


CA 


r\ f\ r\ r- r\ r\ A 

2025294 


A 


15-03-1991 


DE 


59010706 


D 


28-05-1997 


DK 


417725 


T 


03-11-1997 


ES 


2100858 


T 


01-07-1997 


GR 


ft ft ft A ft ft 1" 

3024095 


T 


31-10-1997 


HU 


56115 


A,B 


29-07-1991 


IL 


95668 


A 


30-03-1995 


JP 


2568306 


B 


08-01-1997 


JP 


3109396 


A 


09-05-1991 


JP 


2642089 


B 


20-08-1997 


JP 


8092276 


A 


09-04-1996 


JP 


2642090 


B 


20-08-1997 


JP 


8092277 


A 


09-04-1996 


KR 


166962 


B 


15-01-1999 


NO 


303450 


B 


13-07-1998 


NZ 


235285 


A 


26-05-1993 


PT 


95299 


A,B 


22-05-1991 


US 


5462933 


A 


31-10-1995 


US 


5668126 


A 


16-09-1997 


US 


5646272 


A 


08-07-1997 


ZA 


9007300 


A 


26-06-1991 



W0 9519186 A 20-07-1995 EP 0738157 A 23-10-1996 

JP 9508896 T 09-09-1997 

NO 962831 A 12-09-1996 

US 5725840 A 10-03-1998 



Form PCT/ISA/210 (patent family annex) (July 1992) 



